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Summary
Identification and investigation of problems of water treatment plants with slow sand 
filter overload was the main focus of this study. Initial studies in St. Lucia at Dennery 
treatment works in 1987, showed turbidity levels ranging from <5 to >400 NTU, 
resulting In frequent filter blocking and consequently to interruption in the water 
supply and loss of sand during cleaning operations.
Phase 1 of this project in 1989 brought about the construction and evaluation of an 
upflow prefilter and the evaluation of the key operational criteria of filter 
performance for turbidity and faecal coliform removal. Initial overall average 
turbidity removal by the prefilter was 60% and 34% for faecal coliform removal in 
1989 whilst the slow sand filters produced 68% reduction in turbidity and 66% 
reduction in faecal coliform counts. This led to further improvements in both 
prefiltration and slow sand filtration systems. The average raw water turbidity for the 
year was 47 NTU and at the out let of the slow sand filter was 6 NTU, which is 
above the WHO guideline value of 5 NTU. Dissatisfaction with these results, led to 
further intervention, phase 2 in late 1989.
Phase 2 was the construction of flow control chambers for the slow sand filters. 
Unfortunately evaluation of phase 2 was conducted during a dry year in which the 
average turbidity for the whole year was 14 NTU more than 3 fold lower than the 
previous year. As a consequence the law of diminishing returns effected a lower 
performance than in 1989. By contrast faecal contamination was higher and 
consequently showed removal correspondingly greater in both prefilter (46%) and 
slow sand filters (78%). Because the turbidity levels were still above the WHO 
guideline values (5 NTU), a third series of interventions (phase 3 & 4) were 
planned and executed in 1990- 91.
These involved the construction of the second prefilter to reduce the flow rate and to 
replace the lost sand and improve filtration, thus improve performance.
Unfortunately rainfall in 1990-91 was even lower, about (43%) below 1987.
In the first 5 months in 1991, the average turbidity was also correspondingly lower 
(6.92 NTU). Again the law of diminishing returns did not show the prefilters at 
optimum efficiency (28 & 31%) with an overall average mean of 29.8 % to its 
advantage. The slow sand filters on the other hand achieved individually for 
turbidity removal 19 and 16% efficiency, with an overall mean efficiency of 17.7 %., 
although the average turbidity in the final water was 4.0 NTU which at last was 
within the WHO guideline values, the performance efficiency was well below the 
90% target expected from as slow sand filter.
In the same period the average faecal coliform contamination in the raw water was 
78.8 faecal coliform /100 ml, about 2 fold below that of the previous year 1990. In 
spite of this low faecal coliform loading the prefilter removed on average 48.8% and 
the slow sand filters 38.7%. In 1992, the filters did much better in bacteriological 
removal. Both the prefilters and slow sand filters achieved overall performances of 
55 and 76% respectively. It was believed that the slow sand filters performed 
poorly in the initial stages of the study because the water was considered to be 
‘thin’. The term thin water is defined as oligotrophic (nutrient - poor), which supports 
very little living organisms, hence the poor colonization of biological predators to 
assist in the purification process.
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Chapter 1 
Introduction
Water companies in the Lesser Antilles of the Caribbean Islands face numerous 
difficulties in the production of potable water, even in areas of adequate rainfall.
The great majority of the sources of supply in Dominica, St. Lucia, St. Vincent 
and Grenada for example are from surface water, which is subjected to gross 
contamination particularly after heavy rain. The main problems are fluctuation 
and high levels of suspended solids and turbidity brought about through 
disturbance and degradation of the catchment areas principally due to the 
increased agricultural activities and deforestation.
The main forms of surface water treatment in these islands are sedimentation and 
sometimes followed by slow sand filtration and terminal disinfection. For economic 
reasons or due to inadequate design, sedimentation facilities were either 
undersized or have become too small for the flow required, and are now unable to 
cope with the increased loading. This leaves the difficult task of high turbidity 
removal to the slow sand filters, which results in failures and long interruptions in 
water supply. Owing to the gravity of this problem, it has become necessary to 
incorporate at least a second line of defence to minimise the risk of failure and to 
improve the efficiency of the treatment plants particularly slow sand filtration (ssf) 
by applying the multiple barrier principle (Lloyd and Morris -1982).
The multiple barrier treatment provides a series of barriers which reduces the 
contaminants through three or more unit treatment processes before the terminal 
treatment step of chlorination.
St. Lucia is one of the islands in the Windward chain and has a land area of 
approximately 619 sq kilometres, it has a population of about 145,000 inhabitants, 
45 percent of whom live in or around the city of Castries, the capital. The 
remaining 55 percent of the population live in and around the four towns and seven 
villages on the coastline of the island. The Island is volcanic in origin and its 
topography is characterised by numerous mountains and ridges with only 
approximately 20 percent of the total land surface area being flat.
The climate of St Lucia is tropical with temperatures ranging from 70°F (21 °C) to 
90°F (32°C) and annual rainfall of approximately 100 inches (2534mm) to 140
inches (3570 mm) depending on the location and the elevation. Like most of the 
Caribbean islands, St. Lucia is very vulnerable to tropical storms and hurricanes 
and is therefore subjected to the associated problems of flooding, landslides, dry 
and wet seasons . The dry season usually starts around November and continues 
through to June and the wet season is July to October.
Economically the island depends on agriculture, tourism and light industries. The 
main source of revenue is the banana crop. The increase in banana cultivation in 
some Caribbean islands has resulted in catchment areas being degraded. 
Agricultural expansion and intensification has resulted not only in the deterioration 
of the quality but also possibly a decrease in available surface water resources. 
Another observable effect is the heavy silting of the rivers in the lower reaches. The 
changing land use patterns may also have led to the disappearance of springs in 
some parts of St. Lucia.
The Water and Sewerage Authority of St.Lucia operates all forms of treatment from 
conventional chemical treatment to the more ancient method, slow sand filtration. In 
some cases only sedimentation and terminal disinfection are employed.
Tables 1.1 to 1.3 below summarises the characteristics of some of the sources and 
the types of treatment employed. In all there are thirty five (35) small rural sources 
and four (4) major plants which include chemical coagulation.
The risk of failures are due to the treatment facilities inability to cope with the rapid 
deterioration of the water quality (increased levels of turbidity and suspended 
solids) in recent years, which is described in detail in chapter 3. The following 
review considers the most economical treatment processes which are better able 
to cope with these water quality problems in the rural communities.
Table 1.1. Details of Some Water Sources and Treatment in St. Lucia
Sources Au Leon Derniere Rivier Dennery Patience
Type of Intake Stream Stream Stream Stream
Elevation of Intake 227m 105m 98m ------
Estimated Demand 455 m^/day 68 2m^ /day 909m 3/day 405m3 /day
Type of Treatm ent Chlorination Chlorination SSF + CI2 Chlorination
Type of CI2  System CI2  Gas CI2  Gas CI2  Gas CI2  Gas
Capacity of Storage 227m 3 273m 3 455m 3 227m 3
Table 1.1. Details of Some Water Sources and Treatment in St. Lucia
Sources Micoud Desruisseaux Belle Vue Saltibus
Type of Intake Stream Stream Stream Stream
Elevation of intake 227m 298m 274m 482m
Estimated Demand 545m^/day 909m 3/day 545m 3/day 309m 3/day
Type of Treatment SSF + CI2 Chlorination Chlorination Chlorination
Type of CIg System CI2  Gas CI2  Gas CI2  Gas CI2  Gas
Capacity of Storage 227m ^ 227m 3 None 227m 3
Source: Author’s report to W ASA (1985)
Table 1.2. Details of Some Water Sources and Treatment in St. Lucia
Sources Banse Choiseui Delcer Fond St. Jacquet
Type of Intake
Elevation of Intake
Stream Spring
17m
Estimated Dem and 455m 3/day 455m 3/day
Type of Treatm ent Chlorination Chlorination
Type of CI2  System  Drip feed CI2  Gas
Capacity of Storage None 291 m3
Stream  
229m  
682m 3/day  
SSF + CI2  
CI2  Gas 
227m 3
Sources Fond St Jacque 2 Soufriere
Spring
469m
455m3/day
Chlorination
CI2  Tablets
545m 3
Canaries Bouton
Type of Intake
Elevation of Intake
Spring
295m
Estimated Dem and 136m3/day
Type of Treatm ent Chlorination
Type of C I2  System  CI2  Tablets
Capacity of Storage 455m 3
Source: Author’s report to W ASA (1985)
Spring
114m
1023m 3/day  
Chtorinatfon 
CI2  Gas 
341 m3
River
27m
227m s
Spring
341 m3/day 455 m3/day
S SF + CI2  Chlorination
CI2  Gas CI2  Tablets
55m3
Table 1.3. Details of Some Water Sources and Treatment in St. Lucia
Sources Forestiere Monier Monchy Boguis
Type of Intake Stream Stream Stream Stream
Elevation of Intake 336m 83m 270m
Estimated Demand 91m3/day 205m 3/day 295m 3/day 45m3/day
Type of Treatm ent Chlorination SSF + CI2 Chlorination Chlorination
Type of CI2  System CI2  Tablets CI2  Gas CI2  Tablets CI2  Tablets
Capacity of Storage 45 m3 341 m3 45 m3 55 m3
Sources Sarot Hill 20 Union Vieux Fort
Type of Intake Rivers Rivers River River
Elevation of Intake 30m ------- 30m 30m
Estimated Demand 15455m3/day 5455m 3/day 2273m 3/day 5455m 3/day
Type of Treatm ent 
Type of C I2  System  
Capacity of Storage
CHEMICAL COAGULATION TREATMENT PLUS 
"ADVANCE GAS SYSTEM
10909m 3 2273m 3 455m 3
CHLORINATION
4546m3
Source: Author’s report to W ASA (1985)
"Advance = Capital Control Gas System
Out of the 24 sources shown in tables 1.1. -1.3., 19 are surface sources (rivers or 
streams) 5 are springs. Out of the 19, five have slow sand filtration; 4 have chemical 
coagulation ( alum and lime) treatment and the remaining 10 have only minimal 
sedimentation at the storage reservoirs, however, all have chlorine disinfection.
During and after heavy rain the 10 supplies with minimal treatment are subjected to 
gross contaminations ( turbidity and suspended solids) and consequently shutdown 
until the turbidity is reduced to an acceptable level determined by the caretaker. 
This is not a procedure that WASA would wish to continue and à more appropriate 
method of treatment, and which is affordable is needed. It should be noted that the 
four chemical treatment plants supply water to urban areas and also suffer from 
problems of overload. However the main focus in this thesis Is the smaller type of 
treatment plants in which chemical coagulation is not practised and where it is 
hoped that multistage filtration may prove an effective means of removing physical 
and microbial contaminants.
Chapter 2.0
Review of Treatment Processes for Rural Water Supplies
The main purpose of introducing a water treatment process where there was none 
or where there is inadequate treatment, is to improve the chemical, physical and 
microbiological quality of the treated water. The value of this is not only in the 
improvement of the aesthetic quality, but most importantly in the reduction of health 
risk. Under eroding soil conditions produced by rainfall, most tropical surface 
waters contain suspended material in very large quantities and consequently can 
give rise to turbidity levels sometimes well over 1000 Nephelometric Turbidity Units 
(NTU) during the rainy seasons. Therefore, sedimentation or slow sand filtration 
and disinfection alone are often not adequate to meet the most basic treatment 
requirements of less than 5 NTU and zero Faecal coliform per 100 ml, set by the 
World Health Organisation ( WHO 1984 ) in their water quality guidelines.
The nature of impurities in raw water may be classified as follows
a) floating and large suspended solids (ie.; twigs, leaves, fish).
b) small suspended and colloidal solids (ie.; clay, silt particles, micro­
organisms).
c) dissolved solids ( inorganic salts and organic compounds).
d) dissolved gases ( hydrogen sulphide, ammonia ).
The range and size of some of these impurities and the approximate operational 
ranges of the main treatment processes are shown in figure 2.1.
It should be noted that there is not an individual process in the conventional 
treatment field which will remove all forms of impurity. It is thus necessary to match 
the treatment process to the particular types of impurities to be removed, and 
consequently more elaborate combination of treatment processes may sometimes 
be necessary. Therefore the plant designer must choose the appropriate 
combination of the three basic forms of treatment, physical, chemical and 
biological treatment processes to suit the local conditions. Figure 2.1, shows the 
relationships between the various forms of impurity and some treatment processes 
commonly used to remove them.
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Figure 2.1 The influence of particle size, in micrometers, on the choice 
of treatment unit processes
2.1 Physical Treatment Processes
Physical treatment may be taken to include screening, straining, 
sedimentation, filtration and aeration. The physical properties of the 
impurities (size, type and specific gravity of the particles), viscosity, velocity of the 
fluid, shape and size of the treatment container will all determine the efficiency of 
the process (Tebbutt ,1977).
2.2 Screening Process
The intake of a water treatment plant is usually protected by some form of floating 
boom and / or screen. Only large suspended solids are usually removed by such 
intake screening or straining devices, which are classified as preliminary treatment. 
Screens may be classified according to their opening size. They may be coarse, 
medium, fine or according to their configuration (rack, bar or mesh), but all function 
on the principle that oversized particles are retained by the screen and must 
subsequently be removed. The method used to remove the entrapped material from 
the screen surface may be manual, mechanical, or water Jet cleaned. Screens can 
be further classified according to whether the screening surface is fixed or moving. 
Rack and bar screens consist of parallel metal bars with opening of 20 to 60 mm 
wide and which serve to exclude large floating and suspended objects (coarse 
screen). Further screening is carried out by passing the flow through a smaller 
mesh of 5 to 20 mm aperture which can be arranged in the form of a drum, disc or 
continuous belt. A more intensive form of screening is provided by the micro­
strainer which has a fine woven stainless steel mesh with apertures of 20 to 60 
micro-metres. The fabric is supported on a coarse mesh around the periphery of a 
rotating drum.
9
Due to its small aperture size it soon clogs, and continuous washing of the fabric is 
needed to remove the screenings and requires about two percent of the out put of 
the strainer { Barnes et. al., 1981).
Micro-strainers are able to remove the larger micro-organisms such as algae but 
are not capable of supplying all the treatment necessary, therefore further treatment 
such as slow sand filtration and disinfection are required. Table 2.2.1 shows the 
type of screens, their uses , their aperture size and the method of cleaning.
Table 2.2.1. Screens and their Applications
Type of screens Uses and treatment Aperture Size Method of Cleaning
Fixed ( rack& bar ) screens
coarse water and wastewater 20 to 60 mm racking
fine water and wastewater 10 to 20 mm racking
mesh water treatment 1 to 10 mm manual
Moving screens
Drum water treatment <1 to 1 mm water jets
Disc water treatment < 1 to 1 mm brushing
Belt water and wastewater <1 to 1 mm vibrator
Source : Barnes et. al. , 1981.
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Material screened from water supply Intakes usually comprises leaves, sticks and 
other vegetable matter which are relatively inoffensive and may be returned to the 
river downstream of the intake. Sewage screenings on the other hand are often 
very heavily contaminated with all sorts of things (faecal matter ) etc. , and need to 
be carefully disposed of as quickly as possible, usually by burial, incineration or 
maceration ( Tebbutt,1973).
2.2.1 Screen design
The factors to consider in screen design are: (a) the strength and durability of the 
screening medium, (b) the screening area, (c) maximum flow velocity through the 
screen apertures, (d) minimum approach velocity in the channel or pipe to prevent 
settlement of the suspended solids and the head loss through the screen.
Another important factor is the type of screen material, where very heavy material 
are expected. The strength of the screen aperture should be sufficient to withstand 
impact of large floating objects and also the forces which may be generated by 
mechanical cleaning devices. The velocities through screen apertures should 
generally not exceed 0,6 to 1.0 m/s., depending upon the nature of the material to 
be removed and their susceptibility to change in shape or be forced through at 
higher flow velocity. The minimum head loss through a clean screen can be 
estimated by considering the screen to be an orifice of a short conduit, or even 
applying the minor loss expression quoted by Barnes et. al.(1981). This expression 
is useful in determining the minimum hydraulic losses through screens at various 
rates of flow, but is of no value once material begins to accumulate on the screen
surface:- Expression: h = ^  (w /b)^^3 \/^2 gjp g
2g
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Where h is the head loss through the screen in metres; W is the maximum bar 
width in millimetres; b is the minimum aperture width in millimetres; Va is the 
velocity in the approach channel in metres per second; p is the shape factor (2.4) 
for square edge rectangular bars; and 0 is the angle of inclination of the bar to the 
horizontal flow commonly at 30°C. Designers should take into account the
maximum increase in head loss likely to occur under the critical conditions of 
maximum flow and minimum cleaning frequency.
With mechanical raked screens, this can be readily accommodated by providing an 
automatic cleaning system. With manually raked screens , however, provision- 
should be made for a moderate freeboard in the upstream channel to avoid the 
danger of overtopping the channel at high flows.
12
2.3. Sedimentation
Sedimentation may be defined as the removal of solid particles from a suspension 
by settling under gravity. It is influenced by the velocity of flow, the dimensions of 
the settler and by the dimensions and specific gravity of the suspended particles as 
shown in table 2.3.1.
Table 2.3.1. The effect of particle diameter on the settling velocity of particles 
with specific gravity of 2.65 in water at 10°C.
Particle diameter (mm) Time to settle in 1 metre depth
1.0 6 sec.
0.1 3 min.
0.01 3 hr.
0.001 (1 micrometer) 300 hr.
0.0001 1500 days
0.00001 450 yr.
(Source: Tebbutt ,1973).
C la rifica tio n  is a term which refers specifically to the desired effect of 
sedimentation of removing suspended matter from the water to give a clarified 
effluent, as in (coagulation and flocculation processes). Th icken ing  in 
sedimentation is the process where by the settled impurities are concentrated and 
compacted on the tank floor. That which is accumulated on the floor of the tank is 
known as sludge. The unsettled material that floats on the top is referred to as 
scum in sewage treatment and carry over floe, in water treatment.
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Although direct, plain sedimentation is commonly applied on a small scale 
operations, in more advance water treatment, sedimentation is commonly used to 
remove impurities that have first been treated with chemical for precipitation. When 
removing turbidity, colour, hardness, iron etc., in water the precipitates formed in 
this process are removed by sedimentation. Less frequently, in large scale raw 
water storage reservoirs, plain sedimentation is also used to remove settleable 
material from water drawn from rivers which may on occasions carry heavy 
sediments. The management of the quality of water in such reservoirs is complex 
and sometimes the process of sedimentation is intentionally reduced or reversed 
by jetting the water at the inlet of the reservoir. This technique has been pioneered 
by the Thames Water Authority to reduce transparency and thus prevent algal 
growth (Steel, 1975).
Some Advantages and Disadvantages of Sedimentation
There are several advantages and disadvantages associated with raw water 
storage reservoir plain sedimentation which may make it uneconomical on a small 
scale.
Advantages of Storage Reservoir
1. Provide storage capacity as an insurance against long dry weather periods.
2. Provide buffering capacity to dilute toxic substances in case of a spillage.
3. Provide physical, chemical and microbiological treatment.
Disadvantages of Storage Reservoir
1. Enhances algal growth
2. Very expensive to construct and maintain
3. Skilled labour required
4. Large land area required
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In municipal wastewater treatment, sedimentation is the main process in primary 
treatment. It is responsible for removing 50 to 80 per cent of the suspended solids 
containing 25 to 50 percent of the BOD of the wastewater (Viessman & Hammer, 
1985). The removal of grit in the preliminary stage of sewage treatment is 
commonly carried out by means of a different sedimentation process in which 
heavy grit is permitted to settle, while the lighter organic matter is retained in 
suspension, at a constant velocity of 0.9m per second, for subsequent treatment. 
After biological treatment, sedimentation is again used, but to remove the biological 
floe produced by the micro-organisms, so that the effluent quality can approach the 
30 -20 (SS and BOD ) standard suitable for discharge into water courses 
(Tebbutt,1973). Sedimentation is also required where phosphorus removal is 
effected by chemical precipitation, from primary and secondary treatment 
(Sell,1981). Another less obvious but practical application of sedimentation is in 
the separation of digested sludge from supernatant liquor in secondary -unstirred 
sludge digesters, and also in sludge lagoons (Sell,1981). Thus an understanding 
of the principles governing the various forms of sedimentation behaviour is 
essential to effectively design and operate sedimentation processes. There are 
several forms or classes of settling behaviour which may be distinguished on the 
basis of the nature of the particles and their concentration.
The concentration may be related to the turbidity levels.
Table 2.3.2. Common classification of settling behaviour.
Class 1. Unhindered settling for discrete particles.
Class 2. Settling of dilute suspension of flocculent particles 
Class 3. Hindered settling and zone settling 
Class 4. Compression settling (compaction).
15
The individual particle may be discrete (like sand grains) or flocculent most organic 
material and biological solids (Tebbutt, 1977).
Particle concentration may vary from very low, moderate to very high, with adjacent 
■particle in very close contact with one an other.
Class 1 Settling Sedimentation
The simplest form of sedimentation is that involving discrete particles in such low 
concentration that each particle settles freely without interference from the adjacent 
particles (unhindered settling). This sedimentation class may be considered 
as sand grains in suspension in a body of water. When a discrete particle settles in 
a fluid it accelerates until the drag force due to its movement reaches equilibrium 
with the submerged weight of the particle. The settling velocity then becomes 
constant. Since equilibrium or terminal settling velocity is reached rapidly it is a 
very important design parameter for the of class 1 sedimentation tanks, because of 
the depth of the sedimenter (Viessman & Hammer, 1985). The submerged weight, 
which is the net effect of the particle weight acting downwards due to gravity and 
the buoyant force of the fluid acting upwards in resistance. The drag force acting 
on the particle is a function of the water density and viscosity, settling velocity of the 
particle, and the characteristic dimension of the particle (Viessman & Hammer, 
1985).
However these theoretical expressions are seldom possible to apply directly In 
practical sedimentation processes because particle diameter and density are 
usually not known, and in reality particles are irregular in shape anyway.
Pardon (1989), in his research was able to characterise particles in terms of its 
origin, using the microscopy technique.
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In the characterisation analysis he was able to identify the particles according to its
special features, size and type (mineral, organic or agglomerate).
He concluded that although much was done however there is still much more 
work to be done to simplify the technique, as it requires some experience to be 
able to identify the differences. In general, the settling velocity (Vp) of the particle 
depends on the diameter, density and fluid viscosity, which is influenced by 
temperature. There are three basic designs used for sedimentation tanks, 
illustrated in figure 2.3.2.
1) rectangular horizontal flow
2) circular radial upflow
3) vertical upflow
Rectangular horizontal flow tank is most commonly found in rural situation, 
because it is relatively simple to design, construct and operate. It is considered to 
be divided into four zones (Barnes et. al.,1981).
a) The inlet zone - where the momentum or energy is dissipated and to allow the 
flow to establish a uniform forward direction.
b) Settling zone - undisturbed settling occurs as the water flows towards the outlet 
once a uniform flow is maintained,
c) Out let zone - the flow converges upwards to the decanting w e ir.
d) Sludge zone - sludge material is collected and moved towards the sludge 
hopper for withdrawal, it is assumed that once a particle reaches the sludge zone it 
is effectively removed from the flow (Barnes et. al., 1981).
In the settling zone of a the rectangular sedimentation tank, the critical point for a 
dense particle is one where the particle enters at the top of the settling zone at point 
(A ), and settles with a velocity just sufficient to reach the sludge zone at the end of 
the tank at point (B). The velocity components of such a particle are in the 
horizontal direction and Vp in the vertical direction.
17
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Figure 2.3.2 Definition sketches for ideal settling in sedimentation tanks : 
(a) rectangular horizontal flow tank, (b) circular radial flow tank (c) upflow 
tank, (source : Barnes et. al. -1981)
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The expression that is required to estimate the time for a particle to settle at a 
given volume :
Settling time t = H = L
Vp Vh
Since (V) = Q / WH; then Vp = Q / WL, Where Q is the rate of flow , and L,W and H 
are the length, width and depth or height of the tank respectively. Since the surface 
area of the tank, A is WL, then Vp = Q/A.
According to this relationship, the slowest settling particle which is expected to be 
completely removed in a rectangular sedimentation tank should have a settling 
velocity of Q/A or higher. This parameter, which is referred to as the surface 
loading rate or the overflow rate, is the fundamental parameter governing 
sedimentation tank performance (Barnes et. al., 1981). This expression is further 
supported by many researchers (Hazen 1904 and quoted by Huisman,1989) cited 
Pardon (1989). This relationship also implies that sedimentation efficiency is 
dependent on the tank depth. This condition holds true only if the forward velocity 
(Vp ) is low enough to ensure that settled material is not scoured and 
resuspended in the tank. A similar analysis of the class 1 sedimentation in a 
circular radial flow sedimentation tank is summarised in figure 2.3.2. (b), from which 
the same relationship Vp = Q/A is obtained. In a vertical upflow sedimentation 
tank figure 2.3.2.(c), it is observed that a particle will only be removed, if its settling 
velocity exceeds that of the water's upflow velocity. In this case the upflow velocity 
(V^ ) is given by the flow rate divided by the surface area of the tank Q/A. Again the 
minimum settling velocity for a particle to be removed is Vp = Q/A. The most 
common type of sedimentation in water and wastewater treatment involves 
fiocculent particles. Flocculated impurities may include organic waste matter and 
biological solids which may be present in relatively low concentrations.
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Class 2 Settling Sedimentation
Class 2 sedimentation, involves a variety of particles of varying sizes which settle
at different rates, the largest first and the smallest last. Colliding particles may
combine to form larger aggregates which will settle at a greater velocity.
One important requirement of sedimentation tanks for treating fiocculent
suspension in class 2 is that the depth to settle should always be enough to
provide the opportunity for particles to agglomerate. This may be confirmed in
figure 2.3.3., in which the settling behaviour of classes 1 and 2 are compared if the
depth of the sedimentation tank is reduced. This is true if only the depth of the
sedimentation tank is reduced sufficiently. A tank with a depth of H , would have a
critical particle settling path, for discrete particle ACB and for fiocculent particle ADB
as shown in figure 2.3.3. If the tank depth is reduced to H/2, then the forward
velocity will be doubled, while the total time of travel through the tank will be
halved. Therefore the depth to which the particle settles at the mid point of the full
depth of the tank is (AX and AY) respectively, which represents the depth reached
at the end of the settling zone in half the depth of the tank. The corresponding
paths of the two types of particles will then be ( AX-j and AY^y It is expected that a
discrete particle would have reached the bottom of the reduced depth of the
settling zone. The fiocculent particle on the other hand will not reach the tank floor
and will be drawn off in the tank effluent. Theoretically this may be an over
simplification, since it is possible that an increased forward velocity may result in
greater turbulence. This in effect may promote a faster rate of particle collision and
agglomeration and hence help to promote an increased settling velocity.
This compensation in part, reduces the depth in which flocculation can occur. It is 
generally accepted that the overall effect of reducing the tank depth is to improve 
efficiency when treating fiocculent particles (Barnes et. al.,1981).
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Figure 2.3.3 Theoretical effect of tank depth on removal of discrete and fiocculent 
particles. ( Source: Barnes el. ai. - 1981)
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TAlthough the surface loading rate represents the average settling velocity that a 
particle must have in order for it to be removed in class 2, however, attention must 
also be given to the depth and detention time some times referred to as (retention ) 
provided. There are three interrelated parameters which must be considered and 
once one or two values are chosen then the third is fixed, as may be seen from the 
following expression :
Detention time is given by: t = V/Q = WLH /Q. Since WL = A. t = H/ (Q/A).
Where L,W and H are length, width and height or depth respectively in metres.
V is the volume (m^) and Q is the flow rate (m^/s).
The effects of depth and detention time on solids concentration for flocculating 
particles can be determined, if representative samples of the water or wastewater 
to be treated are available by the quiescent settling test figure 2.3.4a. This test is 
carried out with a column having a height equal to the maximum depth to be 
considered for the sedimentation tank in question (Barnes et. al., 1981).
The column should be fitted with sampling points, so that samples can be drown 
from various depth at suitable time intervals throughout the settling period. The 
results of the suspended solids test carried out on the sample and the percentage 
removable at each point and time can be plotted in figure 2.3.4 b (Tebbutt, 1977). 
A line of solid removal efficiency can then be drawn, for a combination of depths 
and detention time for any given suspended solids loading figure 2.3.4.
While it may be feasible to obtain suitable samples of water for testing in this way, 
there may be many problems with this approach. In the case of wastewater, it is 
difficult to obtain representative samples at any single time, while for proposed new 
schemes it is usually impossible to obtain samples at a l l .
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Class 3 Settling Sedimentation
As the concentration of the particles in suspension increases, a point is reached 
where particles are so close together that it becomes difficult to settle 
independently of one another. This results in a reduced particle settling velocity 
known as hindered settling. The most common form of hindered settling 
encountered, occur in chemically treated water where particle concentration is so 
high that the whole suspension tends to settle as a blanket. It is possible to 
distinguish several distinct zones, separated by concentration discontinuity. After 
the sample is left to stand as described in the settling column test, figure 2.3.5, it 
forms near to the top of the column a clear interface separating the settling sludge 
mass from the clarified supernatant. This interface moves downwards as the 
suspension settles. Similarly, near the bottom it forms another interface between 
that portion of the suspension which has settled and the suspended blanket. This 
interface moves upwards until it meets the upper interface at which point settling of 
the suspension is complete. The transition period between the two interfaces is 
referred to as the settling zone or sludge blanket (Barnes et., al.., 1981). Sludge 
from the sludge blanket can be removed at this point with the installation of a 
sludge cone. This cone can be operated manually or automatically. The surface 
loading is a critical parameter for the designing of clarifiers to treat concentrated 
suspensions ( class 3 ). The surface loading rate adopted has to be less than that of 
the zone settling velocity (Vs) of the influent suspension, if not, carryover may result 
in the effluent . Another important application of zone settling, is in final 
sedimentation tanks of the activated sludge process (Tebbutt, 1977). Hindered 
settling is also important in upflow clarifiers in water treatment where the settling 
velocity of the suspension (Vs) is dependent on its concentration.
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As the concentration of suspension increases (Vs) decreases which forms the 
sludge blanket. The 30 minute settling test is conducted on mixed liquor to 
determine the ability of the solids to separate from the liquid in the final effluent 
since the quality of the effluent is dependent upon the absence of solids flowing 
over the effluent weir. The results of the settling test used together with the 
suspended solids test, to determined the settling velocity of the sludge blanket by 
the volumetric settling test. The relationship between the settling velocity (Vs) and 
the volumetric concentration of the particles in suspension has not yet been 
determined analytically for hindered settling situations, however, the volumetric test 
is convenient for determining the settling velocity .
Class 4 Settling Sedimentation
Compression settling (class 4) or consolidation as it is sometimes referred to, occur 
as the settled solids approaches the floor of the tank. This is due to the weight of 
the overlaying solids. As the concentrate solidifies, the water is squeezed out of 
the matrix (Barnes et. al.,1981).
Compression settling is important in gravity thickening processes, as it is 
particularly important in activated sludge process, because the main objective of 
this process is to dewater the sludge (Hammer, 1977).
2.3.1. Design consideration for sedimentation tanks
Sedimentation theory shows that in the case of class 1 settling, the main design 
parameter to be considered is the surface loading rate Q/A. It represents the 
critical particle settling velocity for complete removal.
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Theoretical expressions of class 2 settling velocity have been shown to require an 
adequate depth, H or detention time t, to provide for agglomeration. It was also 
noted that some data on these effects can be obtained from the quiescent settling 
column test. Apart from the difficulties associated with sampling, such data must be 
modified to compensate for the differences between batch settling column tests and 
the practical continuous flow sedimentation. Uniform flow characteristics can not 
always be assumed in practice owing to the changes in the density of the incoming 
water, inadequate dissipation of momentum at the tank inlet and possibly the 
drawdown effect at the effluent weirs must be noted.
As a result of all these factors, surface loading and detention times derived from 
quiescent test should be multiplied by a suitable safety factor, ranging from 1.5 to
2.5 for practical designs ( Twort et. al., 1985). These safety factors may be applied 
to all three types of the commonly used sedimentation tanks.
2.3.2  Shallow Depth Sedimentation
Shallow depth sedimentation using inclined plates was recognised very early in 
this century by Hazen (1904), however up to the the early 1960's shallow depth 
sedimentation had not found continued applications, largely because a suitably, 
simple and economical method of removing sludge from the multiple horizontal 
trays had not been devised.
In the late 1960's it was discovered that sludge removal could be easily handled by
sloping the tray at an angle of about 5° to 7° upwards in the direction of the flow 
(Huisman et., al.., 1981). A more up to date version of the shallow depth 
sedimentation tank has been developed by steepening the angle of inclination of
the plates to about 60° to the horizontal flow. Because of that steep slope the trays 
are self cleaning.
26
XF ig u re  2 .3 .6  Inclined plate settlers ( S ource: C astilla  e t. a l. - 1989 )
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The sludge which settles on the upper surfaces of the plate slides down and the 
colliding particles tend to stick together, which then results in the increase of 
sludge particles leaving the bottom edge of the plates to settle at a much higher 
velocity of the inflowing water (Castilla & Smet, 1989). Figure 2.3.6.
This technology has proven that even with conventional sedimentation tanks an 
increased out put of between 10 to 50% for vertical sedimentation tank and up to a 
150 % on horizontal sedimentation tanks can be expected with very good quality 
effluent (Okun & Schulz, 1984). The use of inclined plate settlers or tube settlers 
is limited in developing countries because in most cases land space and / or low 
cost labour and material is not a problem as this may help to generate employment 
in the respective countries. However there may be certain situations, where land 
and all other cost may be the overriding constraints for expansion; under these 
circumstances plate or tube settlers may be considered as an alternative ( Okun & 
Schulz, 1984).
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2.4. Chemical and Biological Treatment
Chemical clarification involves four basic stages: coagulation, flocculation, 
sedimentation and filtration. Coagulation is theoretically an instantaneous reaction 
which takes place between the chemical reagent and the particles on dosing the 
chemical (coagulant ) to the water. Because of the practicalities of mixing this 
reaction takes place within the first few minutes of application. Flocculation is the 
aggregation of fine particles into masses (floe) to promote more rapid 
sedimentation. This process can only be successfully controlled through the 
periodic use of the jar test (Tebbutt, 1973).
The jar test is used to establish the optimal concentrations of coagulant and mixing 
rate which maximise the clarification process and requires professionally trained 
personnel. Since application of the chemical coagulation process is generally 
inappropriate in small scale treatment plants in developing countries , it is not 
considered further in this thesis.
Biological process utilises biochemical reactions and animal predation to remove 
soluble and bio-colloidal impurities (Hammer, 1977).
Biological processes are used in both water and wastewater treatment, however 
Wastewater treatment is not discussed in this thesis as it is intended only for water 
treatment. Biological water treatment is discussed in some details as it relates to the 
most appropriate treatment process for rural community water supply (slow sand 
filtration).
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2.5 Filtration
A filter is any apparatus used for the separation of solids from a liquid.
During filtration the mixture is poured onto a porous material which allows the liquid 
to pass through but retains the solid matter.
2.5.1. Rapid Filtration and its Functions
The prime function of the rapid filter used in water and wastewater treatment is to 
clarify the water by removing the impurities but in this process other benefits are 
obtained. In tertiary wastewater treatment, filtration will further reduce the 
Suspended Solids by 60 - 80 % and BOD 30 - 50 % from a 30: 20 standard 
effluent to a higher level to 10:10 {Tebbutt, 1977).
Ives (1969) describes the principal mode of the action of rapid filtration as physical, 
physio- chemical and the possibility of little biological treatment, which may be due 
to particle reduction. The major difference in the rapid and the slow sand filter is 
the filtration rates and due to this major difference the treatment processes are quite 
distinct. To emphasise this distinction one has to understand the mechanisms of 
filtration. Rapid filtration finds its greatest application in the separation of dilute 
suspensions in water of less than 500 mg / 1 and in the particle range from 5 micro 
metre to about 50 micro metre (Ives, 1969). At very higher concentrations more 
large particles are usually present and may be removed successfully by pre­
sedimentation before the rapid filtration, whereas with very small colloidal particles 
they are more effectively removed by chemical treatment ( coagulation ) before 
rapid filtration. Traditionally sand has been used for filtration but of late other 
material have been tried in advance of sand filters.
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The Use of Non Traditional Material in Slow Sand Filtration -Non-Woven 
Synthetic Fabric (NWSF), is now being considered by many researchers 
particularly in England. Synthetic Fabric are man made textiles which consist of 
organic compounds made of long, chain like molecules with repeating molecular 
units linked by covalent bonds (Mbwette & Graham,1987). There are a number of 
commercially marketed NWSF available which may be needle felting with a 
combination of either thermionic bonding or spunbonding. The principle NWSF 
are either solely made or a combination of Polypropylene, Polyester, Polyethylene, 
Polyn - vinyl Chloride, Polyamide and Polystyrene fibres. The use of these material 
has been successfully employed on pilot and on small scale plants ( Mbwette & 
Graham,1987). However on a large scale plant its use has not been utilized 
because a suitable means of handling the fabric is not available.
2-5.2. Filtration Mechanisms.
Although the definition given so far seems simple and straight forward, the process 
conceals a complexity of mechanisms which are reviewed here in order to better 
explain how the process may be optimised. It is convenient therefore, to 
distinguish the filtration mechanisms.
The more significant filtration mechanisms can be described in theoretical terms 
and related to slow sand or rapid gravity filters. In relation to slow sand filters 
(Clarke) 1988 identifies the principal filtration mechanisms as Transport, 
Attachment and Purification. The mechanisms are summarised as follows:- 
Filtration Mechanisms
Mechanism Process Description
Transport Straining Interception of particles too large to
pass through the filter media.
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Attachment
Sedimentation 
Inertia! forces
Diffusion 
Mass attraction 
Electrostatic forces
Electrostatic
Mass attraction 
Adhesion
Settling within the pores of the filter 
media.
Forces that act on particles in the 
streamline causing them to collide 
with filter media.
Brownian movement (minor effect) 
Van der Waals force (minor effect) 
Attraction between media and 
particles of different electrostatic 
charge (minor effect)
Particles with unlike charges 
attracted together. Oversaturation 
leads to charge reversal 
Acts to hold particles together 
Zoogloeal slime forms a sticky 
surface on filter media surfaces.
Purification Microbiological
oxidation
Chemical
oxidation
Microbes oxidise organic matter to 
support metabolism and growth. 
Conversion of microbial degradation 
products
lves-(1981 ), describes rapid filtration mechanisms as follows : Straining, 
Adsorption and Transport. In the straining mechanism the water with the 
suspension is allowed to flow through the media where the large oversized 
particles become lodged into the interstices of the top layer. As the filtration 
process continues the spaces will become smaller and as particles accumulate the 
spaces are then capable of trapping smaller particles coming through with the flow. 
This phenomenon is not entirely true, because the surface layer of the filter bed
would have rapidly become clogged and filtration would have stopped quite,
quickly.
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In the process of filtration fine materials are constantly being dislodged by the result 
of hydraulic scouring, as the water forces its way through. These fine material are 
transported deeper into the filter media. However this straining mechanism only 
accounts for a minor part of the filter action.
A well functioning filter is capable of retaining much smaller particles than the 
interstices of the media. Adsorption of particles onto the fixed bed is the 
mechanism where by the incoming particles are attracted and adhered to the 
grains of the filter media or the previously deposited Impurities (Barnes et. al.., 
1981).
The efficiency of this process depends on the surface properties of both the 
absorpting matrix and the particles to be adsorbed. There are two major factors in 
the process of adsorption : (a) The position and distance to where the particles are 
deposited by transport to the surface to be attracted to, (b) The ability of the 
particles to be attached to the matrix when brought into close contact. Ives (1969), 
gives this description phenomenon as particles remaining in a streamline which 
approaches the grain surface to within a particles radius, then the particles will 
contact the surface. These particles transported to within the boundary in the 
streamline will owe their final contact to interception. Ives cited that this 
mechanism was analysed by (Stein- 1940, Yao-1968 and Ison -1969).
This mechanism is characterised as the ratio of the particles diameter to the grain 
diameter :
( I = e / d.), I = interception parameter
e = diameter of particles 
d = diameter of grain ( sand).
Source : Ives -(1969).
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Adsorption may also be effected by the hydraulic forces resulting from the 
movement of the water. The effective range of adsorption on a surface has been 
estimated to be about 0.2 microns in distilled water (Barnes et. al.. -1981).
The total area for sedimentation within a filter bed can be calculated from the
following equation: A = 6 / d ( 1 - p  )m^ (Huisman & Wood, 1974) and (Lloyd, 
1974).
Where d is the specific diameter of the sand grains and p is the pore space. If the 
particles are large enough, and have a density significantly greater than that of the 
water, they are then, subject to a constant velocity relative to the water, in the 
direction of gravity (Ives,1969). Lloyd in his thesis (1974) cited that;
“ sedimentation efficiency is a function of the ratio between the grain 
surface loading and the settling ve locity  of the suspended particles, 
and the settling velocity is in turn dependent upon the particle size 
and its mass density in accordance with Stokes Law.”
Pardon (1989) expresses Stokes Law as : u = ( pg - p j ) dp  ^ g / is  u
where : u = settling velocity of a particle
Ps = density of solid
Pf _ density of the liquid
dp = particle diameter
u  = viscosity of the liquid
Very small colloidal particles are only partly removed by material sedimentation 
within the media but aggregation during the filtration process helps increase the 
efficiency of sedimentation in the depth of the bed (Lloyd , 1974).
In laminar flow conditions, d iffus ion  is the process where particles are randomly 
deflected by buffeting, resulting from molecular activity, (Brownian Motion).
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This mechanism is expressed in terms of the Peciet Number ( P = du /D).
P = the peciet number 
d = the grain diameter
u = the approaching velocity of the filtration.
This expression, being the ratio of movement due to Brownian action . Confirmation 
of this phenomenon has been extensively studied in rapid filtration by (Ives & 
Shoiji, 1965 and Yao, 1968).(Ives, 1969).
Davies (1952) cited by lves-(1969) indicates that the inertial action is 
characterised by the dimensioniess equation : N = pg u / 1 d
Where is the density of the particle ; e is the particle diameter; u is the 
approach velocity of filtration; u  is the dynamic viscosity of the fluid .
hydrodynam ics action according to Ison (1969) and cited by Ives is a function 
of the velocity gradient in a uniform shear field. In a uniform shear field of action, 
particles would experience rotation. As a consequence of this rotation the particle
would migrate across that particular shear field. Figure 2.5.2 illustrates the five
diagrammatical principles of the transport mechanism. The effectiveness of 
interception and sedimentation in a filter increases with increased particles size, 
whereas the effectiveness of diffusion increases with a decrease in particle size. A 
filter may remove large particles efficiently by interception and sedimentation but for 
very small particles of less than 1 micron in diameter, diffusion is the main process 
involved (Barnes et. al.., 1981).
The electrical forces may either inhibit or enhance the removal of the fine particles 
from the water as it passes through the filter.
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During the filtering period, the grains of the filter media are coated with layers of 
impurities which are made up of substances categorised by (Van de VIoed, 1955) 
cited by Lloyd (1974) as follows :
1. Suspended solids - micro and semi micro plants, animals, detritus and soil 
particles.
2.Colloidal suspension - Clay, silt, quartz, precipitated oxides, viruses, bacteria and 
micro algae.
3.Dissolved substances - Inorganic salts, organic compounds.
4. Dissolved gasses - HgS, NHg.
The surface charges produced on the impurities are important in encouraging a 
prolonged and effective filter operation before cleaning is required. In rapid sand 
filters which are over loaded, if the forces of adhesion between the deposited 
impurities and the filter grains are too strong then the impurities will aggregate into 
mudballs. Mudballs are very resistant to backwashing, their hydraulic behaviour 
makes them settle in a fluidised bed of sand quite quickly. Such a situation can be 
avoided by ensuring that water to the filter is of sufficiently low turbidity < 10 
turbidity units (personal communication) Thames Water Authority - Way Treatment 
Works (1990).
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Aspects of straining, sedimentation and Inertial forces (Clarke,1987)
S t r a i n i n g  .  density o f p a r t ic le
dp = p a r t ic le  d la . 
dg = sand media p a r t ic le  d la . 
p  = v is c o s ity  o f water 
V = mean f lu id  v e lo c ity
18 p ds
Flow Streamlines
For spherical sand grains of diameter dg, the maximum diameter of a spherical
particle that passes through the interstices, dp = 0.155 dg
Sedimentation
The pores within the filter media can be considered as a system of small 
sedimentation tanks, deposition being concentrated on upward facing surfaces. 
Consider unit volume of sand with porosity f and grain diameter dg.
Surface area/unit volume S = 6(1 - f )
^s
i.e. 1 sand with a porosity of 40% and average grain size 0.5mm
S= 6 (1-0.4) = 7200 m2
0.0005
Making allowance for downward facing areas, a deposition area in excess of 
500m^
would exist, i.e for 0.1 m^/m^h filtration rate - surface loading = 2x10'^  m/h 
Inertial Forces
Particles with a specific gravity higher than water.are acted upon by inertial forces 
within zones of divergence causing them to leave streamlines.and contact media.
For spherica l sand grains o f 
diameter
The maximum diameter o f 
spherica l p a r t ic le  that pass 
p through the in te rs t ic e s ,
d = 0.155 d_.
gra in
Grain Size & Pore Size R elationsh ip
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(c) Inerlla
Figure 2.5.2 Theoretical diagram showing the principles of some 
transport mechanisms. (Sources : Ives, 1969)
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2.6 Slow sand Filtration
In this chapter the author does not Intend to discuss in any great detail the ecology 
of slow sand filtration (SSF), but rather a synopsis of the operations and functions of 
the SSF, as there are many well documented researches in this regard.
Slow sand filtration is a process where the water is purified by passing a flow 
through a porous material or medium. In SSF a bed of fine sand is used through 
which the water percolates very slowly at an approach velocity of 10 cm to 30 cm 
per hour. The suspended materials present in the incoming water is largely retained 
in the upper 0.5 to 3 cm of the filter bed. This allows for the cleaning and restoration 
of the filter quite easily by scraping away this top layer of the sand. Ideally the 
turbidity loading for the SSF should not exceed 10 NTU (WHO / IRC,1980). The 
main purpose of slow sand filtration is for the removal of pathogenic organisms from 
the water, which may be proportional to the reduction in turbidity and suspended 
solids (Tebbutt, 1973). The SSF is very efficient in this respect as it is capable of 
obtaining 1 to 2 log reduction for total conforms and for faecal coliforms (Lloyd 
,1974) and (Duncan, 1988).
When processing raw water with low contamination, SSF may produce water with 
low levels of bacteriological contamination, and so final treatment (Chlorination ) 
will be needed for additional safety. The world Health Organisation (WHO) 1984, 
Vol. 1, states that high level of turbidity ( > 1 NTU ) can render protection for micro­
organism from the effect of disinfection and can stimulate the re-growth of bacteria. 
It is suggested that in all cases where water is disinfected, that the turbidity must be 
less than 5 NTU , so that disinfection can be effective.
A slow sand filter is very efficient in removing low levels of suspended solids from 
water but with high levels ( > lOmg/l ) will require frequent cleaning as clogging 
develops.
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Slow sand filters have also proven to be very effective in removing bacteria,viruses 
and notably Giardia and Cryptosporidium ( Wheeler et. al. ,1989). To reduce the 
frequency of cleaning, pretreatment should be introduced or alternative source 
found which ever is the cheaper. Pretreatment may include sedimentation, 
coagulation and sedimentation with prefiltration ( roughing filters) Wegelin, Pardon, 
Di. Bernardo. When raw water is stored in reservoirs for sufficiently long periods, a 
complex combination of physical, chemical and biological processes takes place. 
A considerable amount of suspended solids and turbidity will be removed by 
sedimentation but considerable algal problems may develop and pretreatment may. 
again be necessary (Bellinger, 1968) cited by Lloyd (1974). Cairncros & Feachem 
(1983), states that about 90 % of the bacteria are removed in wastewater lagoons
within one week at 15 - 20 °C and thus there may be higher mortality rate in
tropical climates depending on the local condition.
Table 2.6.1 Guidelines for the selection of a water treatment system for surface 
water in rural area.
Average raw water quality treatment required
Turbidity : 0 -5  NTU
Faecal coliform MPN *: 0 
Biological agents : 0
Source protection
Disinfection ( safety) 
-  No treatment
Turbidity : 0 -5  NTU 
Faecal coliform MPN * : 0 
Biological agents : Evident
Disinfection ( safety) 
-  SSF (advisable)
Turbidity : 5 - 10 NTU 
Faecal coliform : 1 -500 SSF + Chlorination
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Turbidity : 10 -  30 NTU -  Pretreatment (advisable)
Faecal coliform : 1 -500 -  SSF + Chlorination
Turbidity : 30 — 150 NTU -  Pretreatment
Faecal coliform : 500- 5000 -  SSF + Chlorination
Turbidity: >150 NTU -  Pretreatment
Faecal coliform : >5000 -  SSF + Chlorination
Source : W HO-1984.
* Faecal coliform counts per 100 ml
** Biological agents - Protozoa; Helminths; Algae, no guidelines values set by WHO 
Advantages of slow sand filtration
The use of SSF in developing countries has many advantages which may include:
a) ability to produce a clear water low in suspended material and bacteria.
b) suitability of construction using local material, skills and labour.
c) no need for complex mechanical and electrical equipment.
d) limited chemical needed other than chlorine.
e) low chlorine demand.
f) no need for highly skilled operators.
g) may also produce biochemical degradation of potentially toxic substances.
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Disadvantages of slow sand filtration
a) need for large surface area.
b) cleaning usually takes a day or two.
c) after cleaning, filter takes up to five days to re-establish it self biologically.
d) sand washing and storage facilities needed.
e) requires low turbidity ( <10 NTU) continuously
f) frequent cleaning needed if inlet water turbidity regularly exceeds 10 NTU.
The removal of impurities from raw water is brought about by a combination of 
different processes ( sedimentation, adsorption, straining) but most importantly by 
the bio- chemical microbial action which takes place within the bed. The purification 
process starts in the supernatant water but the major part of removal takes place in 
the top layer of the filter bed.
This biological layer which includes the schmutzdecke and the top 10 cm of sand 
is responsible for most of the purification (Lloyd, 1974; Duncan -1988).
Van de VIoed -(1955) cited by Twort et. al, (1985), gives a clear and detailed 
account of this purification process being distinguished as three zones of 
purification in the bed. (1) the surface coating- schmutzdecke. (2) the autotrophic 
zone, which exists a few millimetres below the schmutzdecke. (3) the 
heterotrophlc zone which exists some 300 mm into the bed ( Twort et. al. ,1985). 
Straining removes the oversized suspended solids that are too large to pass into 
the pores of the bed.
This takes place exclusively at the surface of the filter. This may improve the 
efficiency of the filter but with time will also increase the resistance to downward 
water flow. Periodically the accumulated solids have to be scraped off the top layer, 
this process restores the normal operating head.
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Fine sand is normally used in slow sand filters which have a combined surface
area of some 1 0^ to 2 0^ square meters per m^ of filter bed (WHO / IRC-1980;
Lloyd 1974). in combination with the high surface area and the low flow rate a very
good effluent quality is achieved. Colloidal and dissolved impurities are removed
by adsorption. This process has already been discussed in chapter 2.5. Adsorption
which is referred to by WHO / IRC (1980) as E lectrostatic attraction and is
described as an e ffective  filtration mechanism but only occurs after the ripening
period. Clean quartz sand has a negative charge and will not adsorb negatively
charged particles, such as bacteria, colloidal matter of organic origin, anions of
nitrate, phosphate or similar chemical compounds (WHO / IRC,1980). During the
ripening period of the slow sand filter, only the positively charged particles are
adsorbed ie, carbonates, iron, hydroxides and other cations charged particles
(WHO / IRC,1980). The adsorption of the positive charged particles will continue
until a stage of saturation is reached. During the filtration process organic matter is
transformed by M etazoa and bacterial activity and drawn down deeper into the
bed, thus providing the energy needed for bacteria to continue the purification
process (WHO / IRC,1980). In order for the bacteria to effectively perform its task a
minimum period of 5 days is needed ( ripening period) after skimming is done. Both
Lloyd, (1974) and Duncan, (1988), expresses the importance of having an effective
bed thickness of not less than 0,5m before resanding, in fact they have shown that
purification takes place throughout the 1 metre depth of sand.
WHO / IRC(1980), claims that algal growth on the sand bed may have some 
advantages in helping to promote the efficiency and achieve a greater removal of 
organic matter and bacteria. This is brought about by the algal rnatting on top of the 
filter bed, consisting of thread like algae and numerous other forms of aquatic life 
such as plankton, diatoms, protozoa and rotifers.
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This filter matting is intensely active with various organisms entrapping, digesting 
and breaking down organic matter from the water as it passes through.
Obviously this can have negative effects on the filter as it is the main cause of filter 
clogging depending on the flow rate. If the flow rate is too high ( > 0.3m / hr.) 
problems can range from clogging, colour, taste to odour and an increase in pH can 
occur. Penetration by algae can occur and may provide a source of food in the 
distribution system for bacteria and animals (Watson, 1989).
2.6.1 Structural Components of Slow Sand Filters
A slow sand filter consists of a tank, open at the top and containing a bed of sand. 
The depth of the tank is about 3 m and the area can vary from a few square metres 
to several hundred square metres. At the bottom of the tank an under drain 
system (filter bottom) is set up to support the filter bed. The sand bed composed of 
fine sand, usually ungraded, ranging from 0.1 to 0.7 mm (WHO / IRC, 1978). The 
sand should be as clean as possible and free from organic matter.
The filter bed is normally 1.0 to 1.2 m thick, and the water to be treated (The 
supernatant) stands to a depth of 1.0 to 1.5 m above the bed (WHO I IRC-1978).
The slow sand filter is provided with a number of control devices, each having a 
specific function in keeping the influent and effluent levels at a constant flow rate. 
Figure 2.6.1 illustrates the design out line of an ideal SSF system, but in practice 
some of the controls are combined to save on capital cost figure 2.6.2.
WHO / IRC (1978) Suggest a list of procedures both for starting-up a new filter and 
for daily operations. The following are the operational procedures for the operator.
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Figure 2.6.2 Simplified combined slow sand filter design
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Table 2.6.2. Procedures to start-up a new filter and after skimming operation.
Procedures Details
1. Back fill with water Open back fill valve until water appears 
above the sand surface ( 5 - 1 0  cm)
2. Drain upper 0.1 m of the bed Open supernatant drain valve
3. Level the sand surface Level irregularities in sand surface
4. Charge the filter a) Open back fill valve until water level 
is 0.2 m above the sand surface.
b) Open inlet valve and maintain constant 
supernatant water level.
c) Open outlet control valve and maintain 
filtration rate at 0.02 m/h
d) Open the flow control chamber washout
e) Increase the filtration rate at 0.02 m/h per 
hour until design rate is reached
5. Check water quality
6. Pass filtered water into supply
During ripening of the filter, check daily 
whether the filtered water meets the WHO 
criteria
When the quality is acceptable, control 
chamber valve should be closed and 
supplied though reservoir.
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Table 2.6.3. Procedures in daily operation of the filter.
Procedures Details
1. Regulate supernatant level adjust inlet valve to maintain constant water 
level
2. Remove floating debris
3. Check rate of filtration
4. Keep record of filtration rate
Regular inspection
adjust filtration rate if necessary
plan the next cleaning programme.
Source: WHO/IRC, 1978.
To sum up, the key operational features of the slow sand filter are:
1) Protection from turbidity greater than 10 NTU, by pretreatment.
2) Ensure a constant flow rate in the range 0.1 to 0.3 m / hr.
3) Maintain a minimum filter sand bed depth of 0.5 m.
4) An appropriate filtration media size of 0.2 to 0.6 mm and co-efficiency value of 2.3 
to 3.
5) If possible screen to prevent the ingress of contaminants and sun light.
6) Use a constant flow control and ensure that intermittent operation is never 
permitted.
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2.7 The Development of Pretreatment Filtration processes
Due largely to changing land use patterns, particularly deforestation and increasing 
agriculture, rivers all over the world particularly in the third world tend to exhibit wide 
fluctuation in water quality, and, particularly high turbidity in rainy seasons. 
Appropriate pretreatment during periods of excessive turbidity may reduce the load 
on subsequent treatment units and yield substantial savings on the overall 
operating cost, especially for chemical. In this thesis, pretreatment is also referred 
to as roughing treatment and more specifically as upflow filtration. The process is 
designed to remove the large sized and settleable material from the raw water 
before the water reaches the slow sand filter. In most cases, pretreatment is only 
justified for treating waters from turbid rivers or streams. Lakes, surface water 
reservoirs and other quiescent bodies of water inherently provide natural settling of 
the heavier suspended material. Furthermore, the seasonal climate induced 
variations of the raw water quality in the rivers may make pretreatment necessary 
only during part of the year. Table 2.7.1 indicates the usual conventional methods of 
pretreatment for given turbidities. The turbidity ranges for each of these methods 
are for pretreatment prior to slow sand filtration .
Table 2.7.1 Conventional Methods of Pretreatment
Turbidity Range (NTU) Pretreatment Options
20- 100 Plain sedimentation
20 - 150 Roughing Filtration
50 - 200 Chemical treatment
> 1000 Storage reservoir
Source : (Huisman & Wood, 1974) cited by Okun & Schulz (1984).
N ote ; Roughing filtration may include Horizontal flow, Vertical down flow and Vertical upflow.
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Pretreatment improves the performance of the succeeding unit processes in a slow 
sand filtration plant in the following ways: (1) better operation of the unit processes 
because raw water quality is less variable; (2) less voluminous deposits on top of 
the filter bed and therefore less cleaning is needed. From the foregoing discussion 
in section 2.6 with regards to the suitability of raw surface water for slow sand filters, 
it is realised that pretreatment is an essential component, in the efficient functioning 
of the SSF especially for small community water supply, it is proper, therefore to 
consider and develop a physical treatment system to assist and improve the 
efficiency of the slow sand filtration system. There are many references of existing 
prefiltration installations in several countries (Pardon, 1989). One such system has 
been developed for the SSF process for the Dennery community water supply. The 
concept of upflow filtration is by no means new in the water and wastewater 
treatment industry. It is also reported that Candy Filter Company experimented 
with the use of the AKX type filter as early as 1918, and more recently the Dutch 
developed the Immedium Upflow filte r (Gregory et. al.,1983), figures 2.7.1.
In the late 1940's emphasis was shifted towards improving the operational 
economics of slow sand filtration in the United State of America. The success of 
sand filtration was followed closely by the development of the dual and multi media 
filtration system which included the upflow filter (Gregory et. al.,1983). It was 
reported that a number of other persons were interested in this study, the civil 
engineering department of the University of Tulance, in co-operation with the New 
Orleans Sewerage and water Board Gregory et. al., (1983) citing (Henry et. al. 
,1975). The prefiltration system may not always be adequate as the only means of 
treatment but will form a useful component in a multi stage treatment system.
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Figure 2.7.1 Immedium upflow filter (Source Gregory et. al.,1983)
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The prefilter is intended to relieve the load on the slow sand filter and to improve its 
efficiency. Four stage treatment comprising storage, rapid filtration / microscreening, 
slow sand filtration and terminal disinfection has successfully been employed at the 
Thames Water Authority in the early 70's and is still being used in many parts of 
London, Thames Water Authority Publication (Houghton,1970). It is proposed that 
for smaller scale rural installations, the rapid filtration be replaced by prefiltration. In 
many developing countries the raw water turbidity in rivers and streams is frequently 
more than two orders of magnitude higher than that of Thames water (Lloyd & 
Helmer, 1991). Consequently technology transfer of slow sand filtration 
development failed in most developing countries, not only because turbidities 
were too high, but also because the designer failed to apply the additional unit 
processes indicated in the multiple barrier principle (Lloyd et.al., 1991). The unit 
scale of slow sand filtration has also reduced the application in small communities 
as no process comparable to rapid sand filtration was available for pretreatment. 
In some countries sedimenters were installed in advance of slow sand filters but 
these were generally poorly designed and under- sized, as was the case in 
Dennery. The consequential short retention time produced negligible improvement 
in water quality and as a result many slow sand filters were regularly overloaded, 
short- circuited and in many cases abandoned or by passed (Pardon, 1989). It 
was only during the water decade in the 1980's that appropriate pretreatment 
filtration was examined again, in order to rehabilitate slow sand filtration systems. 
Major investigations in gravel prefiltration demonstrated that a combination of gravel 
prefiltration and slow sand filtration could effectively treat grossly turbid surface 
water (Wegelin, 1986).
However much of this research was done without real baseline data on the 
variation in turbidity and suspended solids loading in the river and stream water 
sources.
51
In particular the plants are designed without knowing the peak turbidity during 
heavy rainfall, which results in overloading of the system.
In considering filtration efficiency for the removal of turbidity and bacteria it is 
essential to examine the performance of individual units alone and in sequence.
As a general rule an individual unit process should be designed to produce a 
mean reduction in turbidity of about 80- 90 percent. It is unsound operationally, to 
have a primary treatment process which produce significantly less than 80-90 
percent . If not it simply transfers the burden to subsequent stages of treatment 
which are then overloaded and performing suboptimally. It should be noted that 
performance efficiency falls when filters are both overloaded and underloaded. 
Investigations by Gregory et. al., (1983), into filtration processes reveals that 
filtering first through coarse media and then through progressively finer media as in 
conventional coarse to fine filtration (downflow) gave encouraging results. 
Research into this development indicated that it offered the advantages of lower 
head loss, greater solid removal and higher filtration rates. Upflow filtration offers 
the same characteristics as the multi - media downflow filter in terms of greater solid 
removal, plus the added advantages of a simple design and operation (WoIters et. 
al., 1989) . Filtering in the upward direction and reversing the flow for backwashing 
allows the use of the conventional sand grading arrangement. Another advantage 
is that mechanical pumping equipment is not needed for backwashing (Di 
Bernardo, 1988).
Di Bernardo (1988) in his experimental investigations in the upflow filtration system 
on a pilot scale used two parallel plant in four phases.
Type 1. Coarse sand prefilter (CSP)
Type 2. Gravel pebbles prefilter (GPP)
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The following were the velocities and filter runs used :
Phase 1. 12 m per day for 10 days 0.5m /hr.
Phase 2. 18m per day for 20 days 0.75 / hr.
Phase 3. 24 m per day for 30 days 1.0 / hr.
Phase 4. 36 m per day for 34 days 1.5/hr.
The results show that the coarse sand prefilter (CSP) produced effluent of a much 
higher quality than the Gravel peddles prefilter (GPP) filter and that intermediate 
drainage may increase the run length of the CSP but there were no other benefits 
that could be noticed in the GPP (Di Bernardo, 1988). There was one noticeable 
negative aspect in the operations in that after drain down, it seems to have caused 
a slight disturbance in the media, resulting in a deterioration in the effluent quality 
(Di Bernardo, 1988). This behaviour was also observed by the author, using 
turbidity as the main performance parameter and lasted of Just about one hour. 
Another interesting observation in the behaviour of the upflow filter unit is the 
inability to cope with influent quality variation . In general each time a peak in 
quality (turbidity ) occurred in the influent, it is followed by a quality peak in the 
effluent of both prefilter and subsequently the slow sand filter. This noticeable 
effect is independent of the flow rate (Di Bernardo,1988).
He concluded the following from his experimental investigations :
a) apart from the substantial reduction in turbidity, suspended solids and bacteria, it 
was apparent that other oxidising constituents were also reduced ( colour,iron, 
manganese).
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b) the higher the influent quality peak the better the performance.
c) better effluent quality was achieved with the CSP than that of the GPP unit.
d) intermittent drain down increases the filter run but will also detrimentally affect 
the bacteriological quality until it resettles.
According to Di Bernardo (1988), upflow filter has demonstrated to be potentially 
valuable in his experimental conditions in effectively protecting the slow sand filters 
against high turbidity loading . Therefore upflow filtration was considered by the 
author of this thesis to be worth investigating as an integral part of the Dennery 
treatment plant, since a combination of mechanical, physical, chemical and 
biological processes take place in the filter. Upflow filter seems to offers greater 
design flexibility, however guidelines have to be developed for the selection of the 
right type of upflow filter, taking into account raw water characteristics, flow rates, 
land requirement, construction cost and ease of operation (Wolters et. al. -1989).
In order for upflow prefiltration to be considered reliable, a suitable means of 
assessing the process had to be developed. The unit process must be able to 
produce a defined level of improvement and it must also do so consistently. 
Another important consideration is its predictability in terms of its behavioural 
pattern. An understanding of its behaviour is necessary if proper and rapid 
corrective measures are to be initiated when problems arise. The upflow filtration 
unit has been tested by (Di Bernardo, 1988), against the conventional downflow unit 
to conditions that are critical to both systems on separate occasions, ie, sudden loss 
of supply, surges. The results of these test concluded that the upflow filter's 
response was far superior in terms of its recovery.
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It has also been suggested that the use of the upflow filtration system as a means 
of pretreatment In water production can result in capital and operational saving 
because of limited requirement for mechanical equipment and labour ( Wolters et. 
al.-1989).
When water flows through a deep filter the concentration of suspended matter 
decreases. This reduction in concentration will increase with depth (Duncan, 1988). 
However, it has been suggested that in upflow filtration to make the succeeding 
layer work more efficiently, it is necessary to increase gradually the surface area of 
the grains. An undesirable aspect of the conventional downflow filter operation, is 
the formation of a clogging layer of deposit at the bed surface. This in effect creates 
additional head loss which increases with time at a given concentration and 
therefore reduces the filter run. This implies that only the top part of the filter is 
really doing anything.
This excess head loss can be reduced either by increasing the filtration rate or by 
using coarser media, which means decreasing the surface area of the grains, at the 
inlet surface of the filter. One of the ways to increases gradually the surface area of 
the grain is to use coarse media at the inlet surface and reducing the size of each 
media layer. This also applies to upflow filtration technology, where the 
conventional arrangement of the media in the downflow system is used.
This technology implies contrary theory to the conventional down flow system 
where the top fine layer do the most of the work, in this system the entire upflow filter 
bed is utilised, which gives the longer filter run (Di Bernardo, 1988).
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Advantages of the upflow filter
Because of the media stratification described above, filtrate quality improves in 
each succeeding layer towards the upper surface. The contrary is true for downflow 
filtration, when large particles are deposited and consequently clog the media 
surface, producing more rapid head loss (Ives, 1969).
Because of the graded media, the upflow filter has shown to be a system having a 
high capacity for suspended solids making possible high filtration rate and giving 
longer filter runs to that permitted by the conventional downflow filters (Gregory et. 
al., 1983). Initial investment is estimated to be between 15 to 30 % lower than that 
of a conventional downflow filter (Wolters et. al.., 1989).
The depth of the bed can be between ,0.6 and 2.0 metres. This depends on the 
quality of the influent and the quality of the effluent required. Increasing the bed 
depth to 2 metres will result in better stability of operation and less trouble with bed 
fluidization at high flow rates if media of low specific gravity has been employed.
If consideration is given to the laws of gravity as it applies to plain sedimentation 
and the theory of plate settlers and more especially tube settlers as described by 
Castilla & Smet, (1989) and Huisman et. al., (1981), then this principle can be 
considered to be operating in the same way as in the upflow filter. Because of the 
decreased porosity of the media laminar flow condition is created (Barnes et. al, 
1981). The pores in the coarse sand medium may be considered to be working in 
the same way as the tube settlers. Tube settlers have small openings with 
diameters of about 25 - 50 mm2 or smaller. With these small openings the 
Reynolds number is usually less than 500 which create laminar flow conditions 
(Arboleda,1974 and Barnes et. al.,1981).
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Laminar flow condition is taken to mean, a smooth flow In which the flow may not 
necessarily be uniform in a stream line but no mixing takes place between levels. 
These conditions may allow for sedimentation.
Particles will settle owing to gravitational force and to their density and the other 
sedimentational factors which have already been discussed. Water enters the 
bottom of the upflow filter with particles of varying densities, the particle with the 
highest density will settles first and the less dense will be taken deeper into the 
bed. The removal efficiency of the prefilter may be due to sedimentation. 
Sedimentation should be effective in tropical countries : (1) because the turbidity in 
the river can be attributed largely to soil erosion and these silt particles being large
are settleable (2) the higher temperatures (27 to 32 °C) in these countries help.
improve the sedimentation process by lowering the viscosity of the water ( Okun & 
Schulz, 1984).
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Chapter 3.0
Problems of Water Treatment and Supply in St. Lucia.
According to the Castries City Council records, clean piped water was first brought 
to the inhabitants of Castries in April, 1848 (Cudjoe,1990). The inhabitants of the 
whole island drew their water mainly from rivers and small streams or ponds. By 
1915 the report states, that the majority of the other towns and villages had some 
form of simple piped water supply (Cudjoe,1990). With a population of about 20,000 
people and the forest cover undisturbed, with rainfall of over 2500 mm per year, 
there was an abundance of reasonably good quality water everywhere. The rapid 
development of the banana industry since the 1950’s and more recently growth of 
the tourist industry in the mid-1960's, have made increasing demands on the water 
supply. Quantity and quality are therefore becoming priority issues in the 
management of natural resources. Construction activities, urban development, 
deforestation and poor agricultural practices have all contributed in one way or 
another to the pollution of surface water in rivers in St. Lucia. These are further 
adding pressure to the water supply both in terms of quantity and quality [Caribbean 
Environmental Health Institute (CEHI,1989)], Available treatment technologies are 
capable of improving the standard of river water for human consumption, but the 
agrochemical residues and wastewater which are discharged into the rivers 
transport contaminants which makes water treatment more complex. The only 
effective preventive solution to the general problem of water pollution is the 
monitoring and control of the land and water-use activities within the watersheds 
which are releasing contaminants into the various water bodies via surface water 
run-off.
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The severity of such problems is often magnified in regions such as the Windwards 
Islands in which the economy is heavily dependent on the same natural resources. 
The steep mountainous terrain close to the coast, in combination with the typically 
high intensity rainfall are two conditions which can produce massive soil losses 
due to erosion. Milliman and Meade (1983), reported that within the Caribbean 
region the Cauca River in Colombia which drains into the Caribbean sea carries 
with it a yield in excess of 1000 tons per square kilometre per year of soil. A study 
on “ Tropical Hydrology and Water Resources Management for Caribbean Islands” 
including St. Lucia further supports the view that soil loss in the region is very high. 
The study was to investigate over a two year period baseline hydrological and 
suspended solids data in the Caribbean islands of Dominica, St. Vincent and St. 
Lucia. A water shed was selected from each of the islands to define the annual 
variation in suspended sediment concentrations with changes in the stream flow. 
The river selected in St. Lucia was the Troumassee River in the Micoud area. This 
river is approximately 32 km long and has a flow of about 2 cubic metres per 
second. Rainfall in the area is 1.5m per year on the coastal plains, ranging up to 
5m per year in the forested interior. The suspended sediment concentration were 
shown to be in the ranges of 0 to 654 milligrams per litre over a 8.7 km stretch of 
the river after heavy rains (Quinones , 1985).
Not only is this loss of soil a problem for the agricultural community, but the 
presence of soil in water and the chemical contaminants transported with it, are 
often difficult to remove by conventional treatment methods. These pollutants can 
seriously disturb the aquatic life and make fresh and marine water quality 
management very difficult . The agrochemical nutrient load in the surface water 
runoff can lead to eutrophication, algal blooms, toxic conditions and unbalanced 
competition.
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The chemically induced algal blooms and the sediment load both increase turbidity 
which not only makes water treatment more difficult but also reduces the aesthetic 
appearance of the water. Insecticides and other toxic chemicals damage the 
health of the freshwater and marine flora and fauna ( Lundquist et. al., 1985). A 
survey of the agrochemical usage in the English speaking Eastern Caribbean 
Islands show that there are about 135 different kinds of chemicals imported in 
those Islands and of these 86 are widely used. St. Lucia has the second largest 
number of imported chemicals (53) and 44 are widely used ( Hammerton and 
Reid, 1985).
In reality, the activities which cause pollution will never be totally eliminated. Thus, 
the existing practices must be managed effectively to minimise their negative impact 
on surface water quality and the marine environment. This will require a rational 
method for estimating the impact of human activities and to assess the effects of 
different land use and cultural practices on water quality, and educating land users 
to the benefits of environmentally safer practices. The major land users and 
economic contributors are all in competition for the same natural resources; these 
users include fisheries, forestry, agriculture and the water industry. Each is 
dependent on the environment as a place for deposition of byproducts and waste 
products. There is an urgent need for a methodology which will aid national and 
local government to evaluate different land use practices in order to minimise the 
negative environmental impact and to ensure sustainable development. 
Contamination of water sources by toxic substances is a regular problem for the 
Water and Sewerage Authority (WASA) of St. Lucia. Regular monitoring of the raw 
and treated water at sources and in distribution systems have provided 
circumstantial evidence to suggest that the water quality is slowly deteriorating.
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The regular use of agrochemicals on the same portion of land with unfavourable 
steep topography results in serious run-off, particularly after heavy rain. This runoff 
undoubtedly will find its way into the water courses, from which water is abstracted 
directly to the treatment plants for domestic consumption.
The Caribbean Environmental Health Institute -CEHI, (Singh-1989, personal 
communication) suggested that significant amounts of these chemicals find their 
way into streams and rivers in St Lucia. However CEHI was not in a position to 
quantify the amounts at that point in time. To date (1992) no study is available to 
quantify pesticide contamination of the rivers in St Lucia, although 53 different 
agrochemicals are imported .
The increasing problems encountered at the treatment plants (turbidity, suspended 
solids and extensive algae blooms) provide circumstantial evidence of deteriorating 
river water quality which result in supply failures and interruptions. These failures 
and interruptions are due both to the deterioration in water quality and the lack of 
adequate treatment facilities in place to deal with these changes, particularly 
pretreatment. The problems of water supply resources and treatment in the southern 
part of St Lucia was partly documented in a report by Farrage (1981). This report 
dealt with treatment, storage and pipe line capacities but did not specifically 
address the problem of quality deterioration. Quite apart from the increase in 
operating cost that arises from the turbidity of the raw water, agrochemical pollution 
has been a major contributing factor to supply interruptions. In some cases total 
shut down of the plants has been necessary until safety clearance was given by the 
Ministry of Health even though it has no analytical facilities to assess the pollution 
levels.
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River pollution incidents in St. Lucia
The following is an incomplete record of reported cases of chemical pollution of 
rivers in St Lucia from the author's first hand knowledge since at present there are 
no official statutory records of pollution incidents before 1985.
Although the agrochemical pollution problems mentioned here are not dealt with 
further in this thesis, it however, gives an indication of the vulnerability of the 
sources due to the large number of (53) different kinds chemical that are used in 
the country.
1) In early 1981, a fish kill was experienced in the Union River, just upstream of the 
water supply intake. This was caused by a farmer washing a container’s residue of 
the ICI herbicide Gramoxone (Paraquat) into the river. In order to protect its 
consumers, the authority (WASA) took no chances and quickly shut down the 
treatment works at Union and completely emptied and flushed all storage tanks and 
distribution systems.
2) A fish kill was reported in the Marquis River (Babonneau Area) by the Ministry of 
Agriculture in 1982, This fish kill was apparently done deliberately and the persons 
involved were approached by the police. The water supply was not affected in this 
instance, because the chemical was introduced down stream of the intake. A toxic 
chemical was said to have been used but the name of the chemical was not 
obtained.
3) Fish kills were also been reported in the Troumassee river (Micoud area) 
upstream of the water intake in 1983. Reports of such kills have not been followed 
up due to communication delays and difficulties.
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Although investigations by WASA staff were inconclusive, it was believed that such 
kills were deliberate and were apparently initiated to catch fish using leaves of local 
plants known to have toxic effects on the fish.
4) In August 1984, a fish kill was experienced in the Roseau River upstream of the 
intake at Roseau. This source is one of the main abstraction points for supply to the 
city of Castries the capital. The source was taken out of operation until clearance 
was obtained from the Ministry of Health. With CEHI’s assistance, samples of the 
water were collected and tested. The result indicated abnormally low pH (4.5 - 5.0) 
and decrease in dissolved oxygen to 4.6 mg/l. The normal levels for pH and 
dissolved oxygen are 7.8 -8.9 and 7.5 mg/l respectively. It was believed that the fish ' 
kill was brought about deliberately, again by persons using the leaves of a local 
plant but the chemical analysis could not confirm this.
5) Early in 1985, the water supply to the Grand Rivier area had to be turned off after 
it was reported to WASA that a toxic substance had been introduced in the river 
upstream of the intake at lower Monier. Again the assistance of the CEHI was 
enlisted. Investigations indicated the presence of Carbonfuran in quantities of 
approximately 0.062 mg per litre. WASA abstracts water directly from about thirty 
five (35) different sources. While some of these sources are located far inland and 
are not easily accessible, the majority are within reach of the various communities 
they serve. Although the main emphasis in this thesis is the development and 
evaluation of effective drinking water treatment for smaller communities, the brief 
review of water pollution incidents in St Lucia, presented above, serves as a 
serious reminder that water treatment only cures some of the symptoms of water 
pollution. The principal effort will be directed to the identification and measurement 
of some of the key parameters affecting the treatability of water. Moreover, a greater 
problem is the management and prevention of pollution at source.
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Environmental health personnel require a practical and comprehensive 
management tool for the assessment of the impact of changes in land use practices 
on surface water quality, in the future this is likely to be based on environmental 
geographic information systems ( Auguste 1985) Ministry of Agriculture St. Lucia.. 
This system will allow the users such as government, research workers and 
consultants the opportunity to evaluate hazards or practices in terms of land use 
and its effects on water quantity and quality. The water treatment quality parameters 
should therefore also be critical indicators of the changing quality of rivers water 
and thus integral to the methodology suggested, it is clear that to establish an 
effective water catchment management tool, will require far greater collaboration 
between the various institutions responsible for environmental quality and human 
health than exists in most countries today.
The institutions which should be collaborating in this area may be taken to include 
the Health Departments or Ministries, Environmental Protection Agencies, Natural 
Resources Departments (including Forestry, Water Resources) and last but not 
least the Water & Sewerage Authorities. The Water and Sewerage Authorities are 
well placed to identify river pollution, authorise discharges and indirectly monitor 
land deterioration in the catchment areas. Identification of pollution is often 
dependent on the good will of the public to report the type of accidental pollution 
and incidents of vandalism indicated above. To avoid accidents and subsequent 
serious effects on human health, recommendations are made on the facilities that 
are required, to enable the swift detection of harmful pollutants in the water 
sources.
Fortunately there have not, so far, been any human casualties reported in St Lucia 
from the incidents mentioned. In two cases listed, timely reports were received, 
enabling WASA to act quickly and notify its consumers.
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It is regrettable however, that this was not the case in at least two other instances 
where reports came in much too late to initiate protective action.
Prior to 1985, the St Lucia Water and Sewerage Authority only had the capability for 
carrying out very basic in- house testing. Since then in 1989 WASA has acquired a 
Hach DREL / 4 & 3000 model portable Spectrophotometers which permits the 
Authority to execute analyses to detect a wider range of substances in the raw and 
treated water in the field and the laboratory. There were no facilities for detecting the 
presence of pesticides and other toxic organic substances. The only such 
equipment available, as far as is known to WASA, is Gas Chromatography at CEHI 
several miles away.
In 1992 WASA is still unable to analyse for most chemicals used, for example in the 
banana industry. However, as a safety measure WASA operates fish tanks as a 
biological monitoring device at the inlet to 3 major treatment plants. It is the 
intention to apply this monitoring device at all the remaining sources from which 
drinking water is supplied. In addition, all the raw water sources are inspected and 
sampled monthly at the intakes .
From the foregoing, it is clear that the water sources are very vulnerable to the risk 
of contamination by toxic substances. The level of risk cannot be reduced in the 
short term, it is therefore necessary to co-ordinate efforts to deal with and reduce 
the risks in the medium and long term. Efforts must be directed in the following 
areas :
a) effective control of the use of pesticides and fertilisers.
b) education of farmers in the proper procedures for use, transportation storage and 
handling of the substances.
c) establishment of a monitoring system to ensure that environmental quality 
objectives are achieved in the long term.
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d) protection and control of the major catchment areas by joint action between 
WASA, Forestry and the Planning Departments.
The problems mentioned here needs a coordinated effort to remedy the situation. 
In the short term the problem is being addressed by treatment improvements and 
interventions which are the subject of this thesis. As a short term solution the 
author intends to introduce and evaluate a treatment method which will reduce the 
risk of the contaminated water reaching the consumers.
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3.1 Water Quality Control During Treatment and Distribution in 
St. Lucia - 1979 to 1991.
Chemical and bacteriological quality are being monitored by the Water & 
Sewerage Authority throughout the island of St Lucia, but on a fairly limited scale. 
This is as a result of limited resources, lack of trained staff in this area, insufficient 
transportation for sampling and the lack of basic equipment. In order to provide the 
required manpower, equipment and transportation, WASA has had to institute 
cutbacks in other departments to meet some of those needs. The island was 
divided into four (4) sampling zones, which were based on the major catchment 
areas. Zone 1 covers the city of Castries the capital and surrounding areas. It
serves approximately 75,000 inhabitants and produces about 20455m^ of water per
day from 9 plants. The largest of them - Sarot, averages 10909m^ per day. In zone
1 there are about 35 sampling points throughout the distribution system and these 
are sampled five (5) days a week for bacteriological analysis and once weekly for 
chemical analysis. In addition the raw water sources are sampled once a month for 
both chemical and bacteriological analysis. The other remaining three zones are 
more distant and rural. They are therefore visited twice weekly and there are about 
12 sampling points in each of the zones. The central laboratory is situated in zone 1 
in the capital and is staffed by six technicians. In addition the major treatment plants 
are each equipped with a small operational laboratory specifically for treatment 
control purposes. The following pages provide a synopsis of the water production 
and quality control from 1979 to 1991.
Figure 3.1.1. Sampling zones and the water sources and type of treatment (Map) 
Table 3. 1.1.Total production of drinking water and unaccounted for water 1981 - 
1989.
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Figure 3.1.1. Sampling zones and the water sources and type of treatment (Map)
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Table 3. 1.2. to 3.1.7. Development of drinking water quality control 1979-1991. 
Table 3.1.8. to 3.1.9. Treated water chlorine residual summary 1991 (Islandwide). 
Table 3. 1.10. to 3.1.13. Treatment plants and approximate population served.
Improvement of Water Supply Coverage In St. Lucia 1979 - 1989
From the national census data in 1990 it was clear that in the last 65 years the 
population has Increased 7- fold, and doubled since 1950. The population in 1915 
was about 20,000 but by 1990 it had increased to about 145,000. This gave a 
population density of 235 per sq km, which represents major intensification in land 
use involving mainly agricultural developments.
In 1979 the actual amount of water available for consumption after adjustments 
were made for the unaccounted for water was about 4.5 mil m^ per year. This gave 
an average per capita consumption of about 103 litres/day. By 1989 the per capita 
supply had increased by 56%, whilst the population increased by only 14% in the 
same period, which gave an average per capita consumption of 152 litres. 
.However there are major inequalities in supply coverage between communities, 
and in some parts of the island per capita consumption is low where public stand 
pipes are used.
Table 3,1.1 and 2 illustrate the progressive improvements made by WASA in the 
islandwide water supply coverage and bacteriological quality from 1979 to 1991. 
The production and bacteriological data are also summarized graphically below 
the corresponding tables in figures 3.1.2 and 3 .
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Table 3.1.1. Total Production of Drinking Water and Unaccounted for 
Water (1979 - 1989)
Year Total Production TMii m^l Unaccounted for waterfMil m^1 f%)
1979 q.4 1.9 (30).
1980 6.9 2.0 (29)
1981 7.7 2.5 (33)
1982 8.3 2.5 (30)
1983 8.3 2.5 (25)
1984 9.3 2.2 (23)
1985 9.3 1.9 (21)
1986 10.2 2.9 (28)
1987 10.5 2.9 (28)
1988 12 3.2 (27)
1989 11 3.0 (27)
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Figure 3 .1 .2  Production of drinking water and unaccounted for water
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Table 3.1.2. Development of Drinking Water Bacteriological Quality 
Control in St. Lucia ( 1979-1991)
Year Total Samples Collected Total conform % Faecal Coliform
1979 358 30,0 NA
1980 494 28.5 NA
1981 833 17.0 NA
1982 1193 15.0 7.8
1983 1648 13.2 7.6
1984 2675 11.3 6.7
1985 3624 8.1 4.0
1986 4552 3.5 2.6
1987 4371 3.1 1.5
1988 8871 1.7 0.7
1989 10673 3.4 1.8
1990 11460 2.9 1.5
1991 10812 3.4 2.7
NA. not available
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Figure 3.1.3 Development of Drinking water Bacterological Quality control
71
The water quality control monitoring for the period 1979 to 1989 and 1991 
realised a progressive increase in number of samples collected from the distribution 
system all over the island. In 1979 to 1989 there was a 30-fold increase in number 
of samples collected from the distribution system. During this same time the 
bacteriological quality improved from 30% total coliform positive to 3.4% in 1989, 
representing a 26.6% overall improvement. Although there was a slight increase in 
the number of samples collect in the period 1989 to 91, there was not a 
corresponding decrease in the total coliform contamination. The faecal coliform 
group decreased from 7.8% positive in 1982, when it was first introduced, to 1.8% in 
1989. In the period 1989 to 1991, there was a further increase of 1.3% in the 
number of samples collected and also 0.9% in the faecal coliform whilst the total 
coliform remained at the same level.
In 1979 a twining agreement between the Wessex Water Authority { England) and 
the Water and Sewerage Authority (WASA) St. Lucia was established. The twining 
agreement was to assist WASA improve its managerial and technical departments. 
It was during this time, that the Capital Control gas chlorinators were introduced to 
the water supply in St. Lucia for the first time. In 1981 gas chlorinators were used in 
all the large plants and the major rural community supplies. Those units worked 
well with minor operational problems until 1990, when they all began to fail, which 
corresponds with the 0.9% increase in faecal coliform in 1991. During the middle of 
1990 after about 8.5 years of good service the chlorinators began failing and it was 
very difficult to find replacements spares. No provision had been made for 
replacement spares, and as a consequence WASA had to resort to its old method 
of treatment by drip feed with calcium Hypochlorite. This method of chlorination has 
proven to be less effective in St. Lucia because of the high level of maintenance 
required to keep the system operational.
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The necessary level of service for maintaining the drip chlorinators was not always 
possible in the rural areas because caretakers are only employed for 4 hours day. 
This means that sources are visited once a day, usually early morning. Another 
very important point to consider was the distance to travel by foot to service the 
treatment units, in some cases it may take 2 hours to walk one way to the point of 
treatment at source and in most cases treatment has to be done at source because 
of the population scatter. Table 3.1.3 show the improvements made in both the 
urban and rural sectors in meeting the WHO criteria for bacteriological 
contamination. The data is also graphically summarized showing the trends of 
improvements in the respective areas for the corresponding tables in figures 3.1.4 
and 3.1.5.
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Table 3.1.3. Drinking Water Bacteriological Quality Control in 
Distribution from Urban and Rural areas ( 1979-1991) St. Lucia
Urban Areas 
Positive Samples
Rural Areas 
Positive Samples
Year T. Coliform [%] F. Coliform[%] T. Coliform [%] F. Coliform [%]
1979 240 30 NA 118 40 NA
1980 330 26 NA 164 30 NA
1981 463 13 NA 370 22 NA
1982 627 11 NA 566 19 NA
1983 931 9 4 719 18 12
1984 1867 8.7 4 808 17 12
1985 2934 7.0 4 764 13 09
1986 3774 2.3 2 788 8.6 07
1987 3575 1.5 1 796 10 05
1988 7192 0.9 0 1679 4.5 02
1989 7287 1.5 0.7 3386 0.7 4.1
1990 8041 1.5 0.6 3419 6.2 3.4
1991 7125' 1.8 1.1 3687 6.4 5.8
Note : T. - Total coliform; R- Faecal coliform
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Figure 3.1.5 Rural Distribution Bacteriological Quality control In St. Lucia
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Water supplies In most rural communities in developing countries always seem to 
be given less attention. This may be due to economic reasons and / or an 
inappropriate level of technology available to the caretakers . St. Lucia has suffered 
from this situation as far back as the mid 60's, when the Water Authority was 
established. Prior to the 1960’s, responsibility for supplying water to the nation was 
with the Castries City Council, through the Ministry of Health. Their prime objective 
was to supply water to prevent people from going to water sources particularly the 
rural communities, therefore quality was not so much a priority. The main emphasis 
was in effect, to contain the bilharzia problem which had already been identified in 
some parts of the island (Unrau, 1978). At the time caretakers were not 
encouraged to disinfect water supplies in the rural communities but rather to ensure 
continuity in the service.
When WASA was established the emphasis was not only to supply water but to 
supply treated water. This new approach was not well received by the rural 
caretakers, perhaps because treatment was not practised previously and therefore 
they did not understand its importance, this also meant more work for them. The 
results from the urban and rural areas in (Table 3.1.3) show great disparities in the 
percentage of samples bacteriologically positive for both total and faecal coliform 
counts. The proportion of samples bacteriologically positive is significantly higher in 
the rural areas in almost every year. These results may have two reasons for this 
major difference (a) the level of service by the caretaker and (b) lack of proper 
treatment facilities to adequately reduce the high turbidity levels in the raw water. 
The problem of continuity in level of service by the caretaker has already been 
mentioned, however the turbidity problem is one which cannot be addressed by the 
caretaker. It has to be addressed by policy makers (WASA).
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The following tables 3.1.4 and 5 summarises the raw water quality at source and in 
distribution system islandwide, and data are also summarised graphically for the 
respective table.in figures 3.1.6 and 3.1.7
Table 3.1.4 Raw Water Bacterio logically Positive Samples 1986 -1989 
Total Coliform counts per 100 ml and [%] of samples positive.
Range 86 [%] 87 [%] 88 [%] 89 [%] Mean[%]
Nil 25 11 19 20 49 33 10 08 26 17
1 -500 72 32 58 62 74 50 44 34 62 41
501-1000 29 13 05 05 15 10 09 07 15 10
1001-2000 18 08 03 03 02 01 24 18 12 08
2001-3000 57 25 01 01 04 03 08 06 18 12
>3000 27 12 07 08 05 03 36 27 19 12
Table 3.1.5.Raw Water Bacterio iogicaiiy Positive Samples 1986 -1989
Faecal coliform  Counts per 100 ml and [%] of samples positive
Range 86 [%] 87 [%] 88 [%] 89 [%] Mean[%]
Nil 44 19 25 27 77 52 51 39 49 33
1-100 62 27 39 42 49 33 40 31 48 32
101-200 36 16 10 11 15 10 13 10 19 12
201-300 12 05 09 10 03 02 00 00 06 04
>300 74 32 10 11 05 03 27 21 29 19
The total coliform data in table 3.1.4, showed that over the 4 year period 1986 to 
1989, greater than 60% of the samples (as an overall mean) were less than 1000 
total coliform per 100 ml, although these are general environmental indicator 
organisms and do not have much significance as indicator of pathogenic 
organisms. Table 3.1.5 shows that the majority of the raw water data summarized 
( over the same period 1986 to 1989 ) were of good bacteriological quality for 
faecal coliform indicators and on average more than 60% were also less then 100 
Faecal coliform per 100 ml.
Furthermore the overall mean of 33% had zero faecal coliform per 100 ml. This 
meant that bacteriologically the sources are not heavily contaminated.
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Tables 3.1.6; 3.1.7 and 3.1.8 show the range of raw water turbidity level at source 
and the resulting effect in the distribution system due to inadequate treatment 
facilities.
3.1.6 Raw Water Turbidity (NTU) Islandwide from 1986 to 1991
Range 86 87 88 89 90 91 Total %
0-1 .0 31 18 10 33 24 66 182 32.0
1.1 -5.0 44 20 26 46 34 77 247 43.7
5.1 - 10.0 15 10 9 20 8 10 72 12.7
10.1 - 15.0 3 4 2 1 2 3 15 2.7
15.1 -20.0 1 1 2 3 0 9 17 3.0
>20 1 2 4 11 2 12 32 5.7
Total 95 55 53 114 70 177 565 100
3.1.7 Treated Water Turbidity (NTU) in Distribution system Islandwide from 1986 to 
1991
Range 86 87 88 89 90 91 Total %
0-1.0 157 41 47 45 41 129 460 27.3
1.1 -5.0 111 120 87 172 205 246 941 56
5.1 - 10.0 21 26 38 33 20 24 162 9.6
10.1 - 15.0 3 3 5 16 3 16 46 2.7
15.1 -20.0 ■4 2 4 7 5 11 33 2.0
>20 2 4 11 1 7 16 41 2.4
Total 298 196 192 274 281 442 1683 100
3.1.8 Number of distribution samples collected Islandwide and percentage with
turbidity greater than 5 NTU (1986 - 1991)
Year 86 87 88 89 90 91 mean
No. of Samples 30 35 59 64 35 85 51.33
% of Samples 10 18 30.7 22.8 12 18 18
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Tables 3.1.6 to 3.1.8 show the turbidity variations at source and in distribution 
systems. Table 3.1.6 show that on average 11.4% of samples collected per year 
had turbidities greater than 10 NTU. Over 75% of the source samples had 
turbidities of less than 5 NTU, and about 13% had turbidity between 5 and 10 NTU. 
Table 3.1.7 show 7% on average, of samples collected in distribution system had 
turbidity >10 NTU. It show therefore, only 83% of the samples in the distribution 
system met the WHO guidelines of less then 5 NTU and about 10% had turbidity 
between 5 and 10 NTU. Figure 3.1.8 show graphical summary of the data in table 
3.1.7. This indicates that the treatment plants are only adequately improving the 
water quality by only about 8% to meet this guideline, from which it may be 
concluded that the treatments plants are inefficient and requires investigation.
Table 3.1.8 show the number of samples collected in the distribution systems and 
the percentage with turbidity greater than 5 NTU for the period 1986 to 1991. During 
this period there was an overall average of 18% which was always greater than 5 
turbidity units. This is significant, considering that this was treated water in 
distribution. Turbidity levels of such magnitude pose very high risk of chlorination 
failures and consequently poor water quality. The varying turbidity levels at source 
may have had some influence in the fluctuation of the chlorine residual in the 
distribution systems islandwide in tables 3.1.9 and 3.1.10 since the treatment 
facilities were only able to improve the quality by only 8%. This was further evidence 
to support the review of the treatments processes in St. Lucia.
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Table 3.1.9 Treated water chlorine residual summary 1991 (islandwide)
Chlorine Residual (mg/l)
Range % of Samples
Nil
0.1 -0.5 
0.6 -  1.0 
1.1 - 1.5 
> 1.5
6.79
19.38
15.89
24.44
33.49
Total number of samples analysed (10812)
Table 3.1.10 Chlorine Residual (mg / I ) Summary fo r Urban and Rural 
Areas 1991
Range Urban Area 
No.
Rural Area 
No. (%) Total
Nil
0.1 -0.5 
0.6  -  1.0 
1.1 - 1.5 
>1.5
306 4.29 
1530 21.47 
1280 17.96 
1897 26.63 
2112 29.65
429 11.6
565 15,3
438 11.9
1183 20.2 
1510 41.0
735
2095
1718
2642
3622
Total 7125 3687 10812
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The chlorine residuals in tabies 3.1.9 and 3.1.10 demonstrates the magnitude of 
the turbidity problem, which has a strong correlation with the percentage of 
samples failing to fali within the approved chlorine residuai standard set by WASA, 
of 0.5 to 1.5 mg/l. It was realised that overall 6.79% failed to meet this standard, 
whilst 33.49% exceeded the limit in 1991. These figures are related to the 
fluctuating turbidity levels of the raw water. The problem was further magnified in 
the rural areas, where 11.6% failed the detectable chlorine residual standard and 
41% exceeded the 1.5 mg/l chlorine residual standard. This tends to suggest that 
the turbidity levels are greater in the rural areas, but the problems are magnified in 
those areas, because of the lack of proper treatment facilities to adequately reduce 
the turbidity for effective chlorination. Tables 3.1.11 to 3.1.14 show supplies,- 
community, population and bacteriological quality served
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Table 3.1.11 Treatment
Quality - Zone 1
Plants , Population Served and Bacteriological
Supplies Approx. Pop. 
Served (000)
Yearly Avg. 
Consum. (MG)
Avg.No. of Bacteriological 
sam. Analysis per Year THS TC (%) FG (%)
Avg. No. of Infected 
persons /  Yr. (%)**
Union 1.08 41.06 173 Nil Nil 0.19
Monchy 0.23 3.79 78 1 Nil 1.30
Boguis 0 .3 0 2 .03 5 4 Nil Nil 0 .33
Forestiere 0.21 1 .05 48 Nil Nil 0 .50
Grand Rivere 0 .2 8 9 .4 6 8 7 2 2 0 .40
Monier 0 .1 9 1.19 65 10 6 1.0
Hill 20 25.1 4 2 9 .0 2 1240 7 4 0 .14
Sarot 3 4 .0 8 5 8 .0 5 1778 26 11 0 .13
62.11 1 3 4 6 .2 8 3 5 2 3 46(1 .3 ) 23 (0.6)1 3 .99
Table 3.1.12 Treatment Plants, Population 
Quality - Zone 2
Served and Bacteriological
Supplies Approx. Pop. Yearly Avg. Avg.No. of Bacteriological Avg. No. of Infected
Served (000) Consum. (MG) sam. Analysis per Year 
™ s  TO (%) FG (%)
persons /  Yr. (%)**
Anse-La- Raye 2 .8 6 15 .73 33 2 1 0 .035
Anse-L-Verdue 0 .24 4 .70 31 6 3 0 .42
Canaries 2 .3 4 15.11 61 5 1 0 .043
Soufriere 5 .3 6 9 3 .2 60 Nil Nil 0 .0 5 6
Fond St. Jacque 3.01 4 8 .2 2 63 4 3 0 .066
Bouton 2 .6 5 5 .3 4 23 7 3 0 .075
Delcer 0 .9 7 5 3 .9 9 18 1 1 Nil
ChoiseuI 6.61 2 7 .2 6 58 6 3 Nil
2 4 .0 4 2 6 3 .5 5 3 4 7 31 (9) 15 (4.5) 0 .695
TNS - Total number of samples collected 
TC - Total Coliform per 100 ml positive 
FG - Total Faecal Coliform per 100 ml positive
** - Water related infection (Source : Ministry of Health - St. Lucia, 1985).
This includes Diarrhoea, Dysentery and others.
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Table 3.1.13 Treatment Plants, Population Served and Bacteriological
Quality - Zone 3
Supplies Approx. Pop.
Served (000)
Yearly Avg. Avg.No. of Bacteriological 
Consum. (MG) Sam. Analysis per Year
TMS TO (%) FC (%)
Avg. No. of Infected 
persons / Yr. (%)**
Thom azo 0 .5 8 0 2 1 .9 7 13 1 Nil 1.5
Derniere Riviere 5.089 8 2 .5 7 42 3 1 0 .12
Dennery 4 .0 2 2 59.71 42 7 1 0 .22
Patience 3 .0 8 5 67 .70 18 Nil Nil 0 .03
Millet 0 .5 8 0 0.51 15 1 Nil 0 .17
Au Leon 4 .1 0 6 18.81 20 1 Nil 0 .07
1 9 .2 2 6 2 5 1 .2 7 150 13 (8.7) 2 (1.3) 2.11
Note : Bilharzia was previously found in the following areas: 
Thomazo }
Deniere Riviere } Mabouya Valley 
Dennery Village }
Table 3.1.14 Treatment Plants, 
Quality - Zone 4
Population Served and Bacteriological
Supplies Approx. Pop. Yearly Avg. Avg.No. of Bacteriological Avg. No. of Infected
Served (000) Consum. (MG) Sam. Analysis per Year
TNS TC(%) FC (%)
persons /  Yr. (%)**
MIcoud 6 .9 8 3 9 .2 9 53 11 7 0.04
Desruisseaux 5 .6 6 135 .29 26 4 1 0 .07
Belle Vue 3 .6 7 5 9 .4 2 34 11 8 0.11
Vieux Fort 9 .9 8 3 1 9 .0 134 2 1 0 .10
Saltibus 0 .6 5 2 8 .8 8 45 6 4 0.15
Banse 0 .2 6 2 6 .8 6 — —  — 0.76
2 7 .2 0 6 0 8 .7 4 2 9 2 3 4 (1 2 ) 21 (7.1) 1 .23
Note : Improper waste and solid waste disposal practices were the main cause of 
infected persons in the Vieux Fort Town ( Ministry of Health - St.Lucia,1985). 
TNS - Total number of samples collected 
TC - Total Coliform per 100 ml positive 
FC - Total Faecal Coliform per 100 ml positive
** - Water related infection (Source : Ministry of Health - St. Lucia, 1985).
This includes Diarrhoea, Dysentery and others.
85
Tables 3.1.11 to 3.1.14, reviews the individual water supplies and the communities 
they serve within each zone. It demonstrated that only zone 1 (Table 3.1.11) 
complied with the WHO criterion of >95% zero total coliform per year. All the 
others were well below of this target. The other zones did not meet the coiiform 
target and zone 3 also had the highest incidence of water related disease for the 
year, with Thomazo 1.5% followed by Dennery with 0.22 % persons per year. This 
was another good criterion for selection of the study area. The results of the water 
quality particularly turbidity give a clear indication of the difficulty of treatment with 
occasional high peaks. Because of this unpredictability, the treatment plants are 
often over loaded, causing break-through, and hence poor water quality in the 
distribution system, indicated by low and high chlorine residual and turbidity. In 
1987 WASA acquired responsibility for the water supply of all the smaller 
communities from the Ministry of Health. These had previously been poorly 
maintained and operated and it seemed appropriate that an authority dedicated 
to water supply should assume responsibility for their operation and administration 
since a number of water borne disease outbreaks had occurred in some of these 
areas prior to WASA’s invoivement. Of the many communities taken over by 
WASA , the Mabouya Valiey was the one most seriously affected with out breaks of 
Bilharzia and Typhoid. Whilst Bilharzia in not directly related to drinking water 
quality, it is however related to the reliability of the service. Thus for example , if 
the suppiy is disrupted and the people have to return to their traditional sources, 
they then face increased exposure and hence risk of reinfection if they have to 
enter water where the bilharzia snail occurs. The susceptibility of these 
communities to be re-infested by bilharzia and typhoid emphasizes the point that 
adequate treatment and supply are maintained.
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The success of WASA’s disinfection control programme can be judged in basic 
microbioiogical quality terms by the proportion of samples in any one year from 
which coliform bacteria were reduced and removed.
The WHO guidelines recommends that > 95 % of samples throughout the year 
should have no total coliform contamination in the supply but this is primarily 
directed to urban supplies and implies stringent disinfection control. Tables 3.1.2 &
3.1.3 demonstrated a progressive improvement by WASA towards meeting this 
goal during the Water Decade but the target was achieved for the first time in 1986 
in table 3.1.2 , for the overall number of samples collected Islandwide. In the rural 
sector the > 95% compliance target was not achieved until 1988 ( Table 3.1.3). The 
coliform target was achieved in 1988 in spite of the additional burden of new rural 
systems for which the Authority had assumed responsibility in the previous year. 
However it should be noted that the more important faecal coliform data do not 
achieve the zero standard although progress was encouraging. The majority of the 
positive samples collected in the distribution systems came from the rural sources 
acquired from the Ministry of Health. This was not only because the chlorination 
method failed periodically but because the front line treatment systems are 
inadequate to deal with the very poor raw water quality and the inadequate level of 
service provided by the caretakers. The fundamental problem in applying 
disinfection to small supplies is that the flow and other operational parameters and 
contamination levels are poorly controlled. As a consequence the level of 
sophistication of conventional dosing equipment is generally beyond the cost and 
management skills of most small communities in less developed countries. It 
therefore seemed most pertinent to monitor and evaluate the basic critical 
parameters of water quality affecting disinfection.
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These parameters will help to assess whether the principal disinfection options 
could cope with flow and contamination variation and still provide effective 
treatment (Lloyd et.al, 1991).
This thesis has therefore focused on the operational problems of producing a high 
quality water for disinfection in small communities in St. Lucia as listed in tables 1.1 
to 1.3. These give details of the majority sources, treatments and the communities 
they serve.
3.2. Aims and Objectives of the Project
The fundamental aims of this project were to integrate, improve and optimise 
different stages of treatment units to produce a water quality which meets the WHO 
criteria for turbidity and faecal coliform. The objective was therefore, to achieve this 
goal at the most economical cost and at the same time minimize inconvenience to 
the consumers. The Dennery project was therefore conducted in 4 phases 
(interventions) to achieve this goal.
Prelim inary studies. To conduct investigative and diagnostic studies of the 
existing treatment system in order to identify operational problems and their causes. 
This brought about the preliminary trial run of an upflow p re filter, which began 
operation in late 1987.
Phase 1. To evaluate and draw up recommendations from the preliminary 
studies, and to initiate further improvements to the existing upfiow prefiiter. To 
monitor and evaluate the operations and efficiency of phase 1.
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Phase 2. To improve the design and build flow controls for the slow sand filters 
and thus improve the efficiency of the slow sand filters. To prepare a design for the 
proposed extension to the upflow filter for phase 3.
Phase 3. To construct the extension to the upflow filter. To evaluate the 
performance of the new and old prefilters and compare results of reduced flow rate 
against the old flow rate 3.3m per hour and the new of 1.4m per hour.
Phase 4. Replacement of sand and to evaluate the general performance of the 
slow sand filters before and after replacement of sand.
This thesis sets out to examine the effects of higher flow rates than those previously 
studied and ultimately provide the optimum operating range for the upflow prefilter. 
From the many studies and tests carried out using different types of pretreatment, it 
became apparent that the treatability of the raw surface water is influenced by four 
process variables, (1) Rate of filtration (2) Influent characteristics; notably turbidity 
and suspended solids, concentration and particle size, (3) Filter media; particle size 
distribution and depth, and (4) Number of stages of filtration. The first of these 
variables is generally dependent on the control of the operator, whereas the 
remaining three are , at least in theory, independent variables which may be 
controlled , as described in chapter 4.
Chapter 4.0
Study area treatment plant and study methods
In 1911 a piped water supply was installed to serve the residents of Dennery. The 
source was from direct stream abstraction from a tributary of the main Dennery 
river. The only treatment provided at that time was sedimentation 
( Cudjoe, 1990). It was probable that the population of Dennery was iess then 1000 
people at that time, in 1967 a new river source was commissioned, probably due 
to hydraulic problems and increased demand. The treatment was from a slow sand 
filtration plant located in Errard, (figure 4.1. a & b). In 1980, during the twinning 
agreement between the Water and Sewerage Authority (WASA), then the Central 
Water Authority (GWA), and the Wessex Water Authority, made a request through 
the British Development Division in the Caribbean for assistance with the provision 
of an Engineering Survey into the problems of the water supply in the southern part 
of the Island. It was noted in the introduction to this thesis that out of 19 surface 
water sources in St Lucia 10 of the systems had sedimentation only and 5 had 
slow sand filtration . These 5 slow sand filtration plants experienced erratic 
operational problems due to frequent high turbidity peaks following heavy rainfall. 
All of the slow sand filtration plants are located in the southern part of the island and 
were therefore the subject of the consultancy report by Farrage(1981) of the Wessex 
Water Authority.
The areas covered by the survey include the Mabouya valley and Dennery village 
where schistosomiasis and typhoid have been a problem for many years 
according to Me. Junkin (1982) citing Unrau (1978).
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Farrage only identified problems concerning the hydraulics and hence deficiencies 
in continuity and quantity of water supply. However, Farrage (1981) specifically 
recommended the construction of a new treatment plant for Dennery which is the 
largest of the villages in the Mabouya community. Dennery was selected for this 
study partly because of its long water supply history. Prior to the commencement of 
this study two other water supplies had previously being built in 1911 and 1967 
respectively. Between the time of commissioning of this new plant in 1987 and the 
start of the study there were frequent interruptions to the supply. These interruptions 
came about as a result of high turbidity loading from a sudden deterioration of the 
raw water quality, brought about by a newly constructed road , and the cultivation of 
the high gradient lands in the catchment area, which are privately owed.
4.1. Resources Available in the Mabouya community
In 1981 a survey was conducted in the southern part of St. Lucia to define the 
operational problems of water supply in that part of the island. The survey included 
the investigation of existing and potential sources of water supply and the review of 
existing capital scheme proposals. To ensure maximum accuracy considerable 
theoretical work had to be done prior to the practical assignment. The theoretical 
work was to acquire and study the most recent available ordinance survey map 
showing physical and geographic features, rainfall, rivers and their catchments. It 
also included an analysis of the population scatter and their primary occupation. 
From these theoretical studies the southern area was divided into zones based on 
major river catchment boundaries. The actual survey began in February 1981, and 
finished in May 1981.
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Each zone was systematically inspected paying special attention to existing and 
potential intakes and yields, delivery mains, storage, treatment facilities and the 
distribution systems. In addition domestic dwellings, other existing or potential 
demand centres such as schools, hospitals, health centres, laundries, local 
industries and fruit collection centres were located and plotted. The approximate 
demand at that time (1981) is summarized in table 4.1.1., and estimated yield from 
each of the main river source are compared with the theoretical demands 
developed in table 4.1.2. by Farrage (1981). Table 4.1.1 gives a resume' of the 
communities within zone 1 The Mabouya Valley.
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Table 4.1.1 Estimated Population and Theoretical Demand for Mabouya valley in 
1981.
Community House Units Avg. No. Persons /  House 
5 or 6
Est. Pop. Est. Dem. 
m3/D
Au Leon 150 6 900 82
Despinoze 50 6 300 32
Derniere Riviere 65 6 390 57
Belmont 100 6 600 59
La Ressource 100 6 600 109
Gardette 90 6 540 41
Riche Fond 50 6 300 82
Grand Ravine 120 6 720 95
La Caye 140 6 840 77
Limiere 20 6 120 09
Dennery 1200 5 6000 600
2085 11310 1239
Source : WASA’s report 1980. Note: Est. - Estimate
Pop - Population
LHD - Litres per House per Day
M^/D - Cubic Metres per Day
Table 4.1.2 Resources [(minimum yields) (m^ per day)] Mabouya Valley
water supply
River Location Existing Proposed Total 1989 Areas-Served
La Sorciere 273 273 546 Au Leon
Ravine Basin Noire 318 318 636 La Ressource
Ravine Saut 409 409 818 Dennery Village
Source : Farrage -(1981).
In table 4.1.2 the total 1989 demand column was based on a 100 % overall 
increase in production per annum .
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4.2. Problems Experienced with the new Dennery Works.
The events which led to the decision to convert the sedimentation tank into some 
form of pretreatment was based on the experiences of the operation of the new 
water supply at La Point, Dennery between commissioning in February 1987 and 
up to the end of that same year. During this period, approximately 0.33m of sand 
was discarded during the first half of the year because of high turbidity loading and 
the need to repeatedly skimming the surface. The quality of supply to the plant did. 
not comply with the requirements of low turbidity and suspended solids for the slow 
sand filtration process (Lloyd, 1974).
Galvis et. al (1991) stated that good results and long filter runs are only possible, 
when the average turbidity does not exceed 10 NTU for more than two to three day. 
The problem of high turbidity is not unique to the Dennery plant in St. Lucia, similar 
cases in other parts of the world have been reviewed by (Pardon, 1989) . The 
Dennery intake was sited at an elevation of approximately 98m above sea level. 
The intake was the same used in the 1967, with some modification to 
accommodate the increase in demand . A new flush out valve was necessary to 
facilitate cleaning of the intake because of the anticipated increase of silt as a result 
of the raised level of the dam. The new treatment plant (ssf) was sited at an 
elevation of about 75m . The plant is served by a 150 mm cast iron transmission 
line some 4.8 km long which was laid some twenty years ago in 1967 . Although 
there was no definite evidence of poor raw water quality at the time there was 
evidence that both the quality and quantity would deteriorate because of the 
rapidly increasing banana cultivation in the area. The new treatment station 
proposed by Farrage was constructed in 1987 and the location was the same 
proposed in his 1981 report figure 4.1 b.
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Figure 4.1.1 Schematic Layout of Dennery Treatment 
Works before the interventions
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The new plant comprised one upflow sedimentation tank without chemical dosing, 2 
slow sand filters and clear well (storage tank). Figure 4.1.1
Preliminary studies of the raw water by the author in the Dennery area In 1987 
showed that the turbidity rose from an average of below 5 turbidity units to peaks of 
well over 400 turbidity units in the rainy season. Table 4.3 shows results of the 
preliminary investigations on the Dennery turbidity levels and the percentage of the 
total number of samples of raw water falling in the turbidity range defined .
Table 4.3. Turbidity Levels and the percentage of the total number of samples(1987)
Turbiditv Range fNTLh Percentage
<5 -20 71.4
21-50 15.6
51- 150 7.4
151-200 1.6
201-250 1.6
251-300 0.8
301-350 0.0
351-400 0.0I
1 400 or greater 1.6
I
The data in table 4.3. represents samples taken throughout the year 1987, and 
show that about 25% of all the results lie in the range 20 to 150 turbidity units and 
87% between 5 and 50 NTU. These results were ample justification for designing a 
gravel prefiltation system to protect and improve the performance of the slow sand 
filters. Although the original plant was equipped with a sedimentation tank, its
theoretical retention time was about 38 minutes based on the design flow of 909m^ 
per day.
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Retention time is given by R^  = V / Q = L W H / Q. Associated with this short retention 
time the inlet arrangement was such that the settled solids were resuspended.
As a result of this poor design and the relatively short retention time provided by the 
sedimentation tank it did not contribute to treatment efficiency and so immediate 
improvement had to be implemented. To have any meaningful reduction in 
sedimentation, the retention time would have to be longer than 60 minutes, or about 
twice the theoretical calculated value, in fact Twort et. al. (1985) suggested that as 
a safety factor a sedimentation tank when built should be 1.5 to 2.5 times the 
theoretical dimensions.
4.3 Selection of Study Methods and Proposed improvements 
to the Dennery Treatment Plant .
The proposed improvements and interventions to the Dennery water supply were 
done in developmental phases to avoid serious disruptions to the community’s 
supply. The following is a chronology of interventions and project activities.
Date Activ ity
Feb. 1987 Prelim inary activ ities
Dennery slow sand filters (2) commissioned 
Jan. - Jul. -introduced gravel prefilter (thin layers) to the inlet chamber and
preliminary study of raw water turbidity started.
Jan. - Feb. 1989 Phase 1 - construction of upflow prefilter No.1 under drain
system with deep gravel bed and sand on top .
Mar. - Dec. -detailed evaluation of both the PF 1 and SSFs at flow rates of
3.3m/h and 0.24m/h respectively.
Dec. 1989 Phase 2 - construction of fiow control chambers to SSFs.
Jan. - Nov. 1990 -detailed evaluation of PF 1 and SSF with flow control
chambers
Dec.1990 Phase 3 - Construction of prefilter 2 in parallel
Jan - May 1991 -detailed evaluation of 2 PFs and 2 SSFs.
Jan - Jul 1991 Phase 4- replacement of sand in SSFs with local Dennery
sand.
Aug. 1991 -PFs were covered with gravel to avoid recontamination by
birds
Aug. - Dec. 1991 -detailed evaluation of the completed project.
Jan. - May 1992 -detailed evaluation with all the interventions.
The choice of design for the preliminary introduction and study of pretreatment was 
based on the existing design of the sedimenter. It was decided that the best, 
simplest and cheapest form of conversion to pretreatment would be an upflow 
filtration system. The first stage of intervention ( phase 1) was the conversion of the 
upflow sedimenter into an upflow filter. This consisted of three layers of media 15 
cm thick each ranging from coarse gravel (40 - 50)mm to successively finer layers 
(18 - 25)mm and (4-7)mm to the top. This produced a modest turbidity reduction of 
about 5%. This low reduction was probably because the gravel media was a thin 
layer and the flow rate (approach velocity ) was extremely high (about 3.3 m per 
hour), hence the improvements to the upflow filter in the other phases.
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4.4 Design Criteria for Dennery Upflow Filter
The inlet distribution of raw water is one of the most important considerations in the 
design of the upflow filter. One of the most widely used method is the perforated 
pipe lateral system. This consist of a central manifold pipe to which are attached a 
series of lateral pipes with orifices to distribute or collect water. There are two points 
of importance to be noted in this design when using this system for dual purpose, 
distribution and back washing. (1) the head losses through the orifices are kept 
comparatively high (about 5m), this is to maintain uniform distribution, and (2) the 
highest head losses should occur at the first orifice using small holes which gets 
progressively larger along the distribution arm (Okun et. al., 1984).
The other major components of the filtration system are the
a) filter media
b) support system
c) underdrain system
The rate of filtration is an important parameter in identifying the two different types of 
filters (slow sand filters and rapid filters). The rates can be as low as those used for 
slow sand filtration (0.1-0.3m/h), or as high as those used for rapid filter 
(1-15 m/h) but their functions are quite different. The main function of the slow 
sand filter is to improve the biological quality of the supply where as rapid filter is to 
improve the physical quality of the water, hence the importance of improving the 
physical quality of the water before slow sand filtration.
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The following calculations were based on the existing sedimenter dimensions at 
Dennery :
Length 3.18 m (318 )cm
Width 3.53 m (353 ) cm
Height 2.12 m (212) cm
Calculations of the filter manifold
1 ) Number of laterals at 30 cm centre : 318 / 30 = 10 per side * 2 = 20
2) Length of laterals : 353 -30 = 323 / 2 = 162 cm
3) Number of orifices ; 1 lateral = (353 -30 = 323 / 2 = 162 cm / 25 = 7) * 20 = 140
4) Total area of orifices : 0.625 ^  ^3.142 * 140 = 172^ cm
5) Total area of laterals = 2.5 ^ * 3.142 * 20 = 393 ^ cm.
6) Total area of manifold = 15 ^ * 3.142 = 707 ^ cm
7) ( a) ratio of area of manifold to area of lateral served : 707 / 393 = 1.8:1 
(b ) ratio of area lateral to area of orifices served : 393 /172 = 2.28 :1
(c ) ratio of area of orifices to area of bed served : 318 * 353 = 112254 ^ cm
( 172/112254 2 ) =0.0016:1.
Diameter of manifold - 30 cm
Diameter of orifice(range) - 0.6 -1.25 cm
Diameter of laterals 
Spacing of orifice 
Spacing of laterals
- 5 cm
- 25 cm centre
- 30 cm centre
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The layout of the other components of the filter consist of the following from top to 
bottom.
1) filter media and support system
(a) sand 1-2.8 mm and 90 cm deep
(b) gravel 6 mm and 15 cm deep
(c) gravel 12-18 mm 30 cm deep
(d) stones 25-50 mm 30 cm deep
2) filter under drain system (a) hollow concrete blocks 100 mm
(b) hollow concrete blocks 150 mm
(ALL DIMENSIONS ARE IN CM)
1 - 2 0 3 . 2 - ,
2 0 3  2 Reinf. Cone. B l o c k s  
F i l l e d  S o l id  w i t h  Con
3 5 5 7 . 6
I - 2 - 0  mm Sand
5 ' H C Blows
5 0 . 8  9 L a t e r a l s
12 .7  9 B a r s  a t  157,4  CC
i S 9 d  B a r s  a t  iSZ.t  CC
4 8 7 5 . 0  S p a n
3 0 4 . 8  R e i n f .  c o n c .  S l a b
Section B-B
Figure 4.4,1 show section of the prefilter filter media and support system
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4. 5 Analytical Methods used in the Study
The aim of the study was to evaluate each unit treatment process in terms of their 
reduction efficiency. There are three basic groups of treatment rnonitoring 
parameters, [1) microbiological, 2) physical, and 3) chemical], which may be used to 
define progressive quality improvement and final acceptability of drinking water. 
Since it would be extremely expensive to evaluate and monitor all treatment plants 
using the full range of parameters that are analysable, a judicious selection of those 
perceived to be critical, basic and robust, but sensitive indicators of removal 
efficiency, was made.
1) The thermotolerant faecal coliform group was used as the indicator of microbial 
diseases which are the most important and acute of waterborne health risks world 
wide. Furthermore the faecal coliform group of bacteria, however imperfect, provide 
a globally acceptable, precise and extremely sensitive means of evaluating 
treatment plant performance. Standard methods for the Membrane Filter Technique 
(WHO-Geneva, 1984) were used to study faecal coliform removal as a general 
indicator of improving hygienic quality. Membrane Lauryl Sulphate Broth(Oxoid) 
was used to detect the presence of faecal contamination. The SI-60 total visibility 
clear acrylic material incubator (BDH) was used to grow the colonies.
2) Contaminating physical particulate can likewise be characterised by a single 
indicator parameter (turbidity). The nephelopmetric turbidity unit (NTU). The NTU is 
measurable with a high degree of precision at very low levels.
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Significantly, it has also been demonstrated repeatedly that above 5 NTU, turbidity 
is often associated with disinfection failures. Visible turbidity is therefore associated 
not oniy with aesthetic acceptability but also with sanitary hazard. Again the WHO 
recommendations are quite clear for the guideline value and target of <1 NTU and 
a maximum acceptable value of < 5 NTU, for water leaving the treatment works.
The HACH Model 2100A Laboratory Turbidity meter (ERA - approved) was used 
with ranges from 0.0 - 0.2, 0 -1.0, 0 -10, 0 -100, and 0 - 1000 units. The scale were 
calibrated against simulated formazin standards (latex suspensions) provided with 
the meter. A standard was provided for each turbidity range.
3) Chemical indicators are far more difficult parameter to deal with and for this 
reason, only the basic tests which could affect treatment efficiency have been 
considered in this thesis. This is both because of the huge diversity of toxic 
chemicals and consequent analytical problems, and also because the toxicological 
health risks associated with the majority of toxic substances are poorly defined and 
challenging to most ili - equipped laboratories. It was realised however that the 
removal of toxic substances by treatment processes requires a major research 
effort.
However some valuable studies have been done by Foster, Rachwell & White 
(1990) who demonstrated that slow sand filtration partly removes some pesticides 
cited by (Lloyd et. al., 1991). The testing of pH as an evaluating tool is one of the 
basic operational parameters. The pH is an indirect measurement of the (acidity or
alkalinity) hydrogen ions and hydroxyl ions (H + OH ") concentration of the water.
A high concentration of hydrogen ions is characteristic of acids.
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The pH value of 7.0 is considered to be neutral on pH scale 0 to 14. The control of 
pH in water treatment is of great importance in ensuring maximum efficiency in the 
disinfection process. When chiorine is added to water with low turbidity, and free of 
ammonia the following reaction takes place, [ CIg + HgO = HOCI '+ HCI ]. 
Hypochlorous acid (HOCI ) is a very weak acid but also is the most effective of the 
disinfectants, whilst Hydrochloric acid (HCI ) is a strong acid but not very effective
as a disinfectant. Because HOCI is a weak acid it is further disassociated into (H’*' 
~ OCr ) ions. The extent of this disassociation is pH dependent. At low pH of up
to 6.7 approximately 90% of the chlorine is in the HOCI form which is the free 
available chlorine residual. Conversely at pH 9, only about 4.5% is of the free 
available chlorine residual, which means that the remaining chlorine is in the form 
of OCI and is a much less effective disinfectant. Figure 4.5.1. shows the
dissociation of HOCI at 20°C.
For laboratory based analytical tests the DR-EL / 4 and the Advance DR- EL / 3000 
(HACH) Series Environmental Laboratory Spectrophotometer were used.
Phenol Red (ERA approved) method was used to determine the pH and the 
standard ( NN-Dlethyl-p-phenylenediamlne) sulphate (DPD) was used for chlorine 
residual test in the fields.
Ï
I
Figure 4.5.1 Dissociation of HOC! at 20° 0  (Source : WRC-1989)
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Sampling frequency
Initially sampling was carried out at hourly intervals as the system was assessed. 
As an understanding of the system performance was developed the sampling 
frequnecy was reduced until, on average, 15 samples were collected per month.
Sampling points
Samples were collected at points on the system which represented the treatment 
unit preceding the sampling point. Samples were collected in the following order 
for both bacteriological and physical analysis.
1. Sample No. 1 Raw water
2. Sample No. 2 prefilter No. 1
3. Sample No. 3 prefiiter No. 2
4. Sample No. 4 slow sand filter No. 1
5. Sample No. 5 slow sand filter No. 2
All samples were analysed and processed within 4 hours of collection.
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4.6 Operating Guideiines for Dennery operator
Controlling the rate of filtration is a key to adequate functioning of slow sand filters 
and prefilters. For slow sand filters, operating a rate of between 0.1 and 0.15 m/h is 
usually satisfactory (Galvis et.al. -1991). Under certain circumstances however, the 
flow rate can be increased to 0.3m/h providing the water quality does not exceed 
10 NTU for more than a few days. When the slow sand filters at Dennery were 
constructed they were built without any flow control mechanism except for the outlet 
valve. This made the control of the effluent very.difficult which resulted in poor 
quality particularly when the demand was at its highest and caused fluctuating 
chlorine residuai. The investigative and interventions studies in phases 1 and 2 , 
included the installation of flow controls and measuring devices for the slow sand 
filters.
This intervention established better operational control of the quality and quantity 
of the effluent from the individual slow sand filters. In considering a flow control 
system it is important to match the appropriate measuring device with the level of 
understanding of the local operator. Both the measuring device and the flow control 
mechanism should be easy to operate and interpret. This is particularly important in 
a rural community context, where the local caretaker because of his limited skills 
and knowledge would have a good understanding of the operations under his care. 
Galvis- (1992), in his PhD thesis demonstrated the importance of simple flow and 
measuring devices for rural community participation. The caretaker appreciates 
better the importance of his work when it has a visual impact. It is therefore 
necessary to have clearly marked guidelines, preferably permanently fixed, to assist 
the caretaker. Tabie 4.6 1 & 4.6.2 show the calculated flow rates and the operating 
guidelines and table 4.6.1. show also the operating range at which the caretaker 
has to operate the Dennery prefilters .
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The following expression may be used for a rectangular weir to calculate the flow 
rate discharge for 90° rectangular weir Q = 1.91 BH 3^ 2 _ ^3 / sec
Table 4.6.1. Calculated flows from Dennery slow sand filter- area SSm  ^with a 90° 
rectangular weir catered for simple operation for the operator
1. H /w e ir-ins . (mm) m^ / hr. Gall. I hr. filt. rate (m / hr.)
0.25 (6.25) 1.03 224 0.017
0.50 (13.0) 4.14 911 0.070
0.75 (19.0) 5.29 1164 0.090
1.00 (25.0) 8.15 1793 0.140
1.25 (31.0) 11.4 2500 0.200
1.50 (38.0) 15.0 3300 0.260
1.75 (44.0) 19.0 4200 0.300
2.00 (50.0) 23.0 5060 0.400
NB. B = 0.3m
Table 4.6.2 Calculated flows from Dennery prefilter - area 11 m2 . 
with a 90° rectangular weir.
H / weir - ins. (mm) m^ / hr. Gall. / hr. filt. rate (m / hr.)
1.00 25.0) 6.12 1346 0.55
1.25 31.0) 8.55 1881 0.78
1.50 38.0) 11.25 2475 1.02
1) 1.75 44.0) 14.27 3139 1.29
2) 2.00 50.0) 17.24 3793 1.57
3) 2.25 56.0) 21.00 4620 1.90
2.50 63.0) 25.00 5447 2.25
2.75 69.0) 28.00 6160 2.55
3.00 75.0) 32.00 7040 2.90
3.25 81.0) 36.00 7920 3.27 .
3.36 84.0) 38.00 8360 3.45
3.50 88.0) 40.00 8855 3.64
B = 0.225 m
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Table 4.6.2 shows the operating range that the prefilter should be operated at.
Line 1 is the minimum flow required for the community and line 2 indicates the 
present consumption for the Dennery Village and Line 3 represents the maximum 
lim it.
Back washing of prefilters
Back washing of the upflow filters was based on the hydraulic cleaning operation. 
The efficiency of this operation is dependent on three main factors (a) the amount of 
accumulated material in the filter (b) how fast and wide the washout valve was 
opened and (c) number of back washing cycles given.
Back washing frequency
Initially the back washing frequency was dependent on break through. This was 
determined by the filter’s inability to retain any more material after a given time. It 
was realised that the filter had an accumulative capacity, and when this capacity 
was exceeded it would release some of accumulated material back into the flow. 
The process of releasing material back into the flow is referred to as break through. 
After several weeks of monitoring it was noticed, that operating with turbidity of less 
than 20 NTU, the prefilter operated efficiently for up to 7 days before back washing 
is required. With turbidity >20 NTU the filter would require back washing within 4 
days, depending on the intensity and duration of the rain.
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The data from this study provided the basis for determining the frequency of back 
washing the prefilter. As a guide the (rule of thumb) operator was instructed to 
backwash the prefilters under the following conditions, because there was no 
means of measuring turbidity on site .
a) in normal conditions when there is no rain, the filter should be back washed 
every five days
b) once a day after light rain
c) twice a day after heavy rain.
The cleaning efficiency depends ofi the operation of the washout valve and the 
number of washing cycles. The rapid opening of the washout valve permits flow 
rate of average 1.04m^/m^/min. This rate can only be achieved if the valve is 
opened completely within 2 - 4 minutes. The size of the washout valve is 6 inches 
in diameter. The back washing is repeated with the inlet valve opened fully. This 
increase in flow rate disturbs the settled material and causes it to be in suspension 
which is then flushed out when the washout valve is re-opened.
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Schematic Layout o f Dennery Treatm ent W orks
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Plate 1. Phase 1 - Installation of prefilter underdrain system
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Chapter 5.0. Results
5.1 Results and Evaluation of Phase 1
The first prefilter was commissioned on March 16th, 1989 and performance 
evaluation began immediately. The results obtained from this study were not very 
encouraging because of the inconsistency of the results, when compared with 
results obtained by other researchers, ie, Di Bernardo, Galvis , Pardon and others. 
The average monthly turbidity reduction ranged from 11 to 80 %. However, the 
results were good enough to pursue the research, considering that the flow rate 
through the prefilter at this time was 3.3 m per hour. This flow rate was much higher 
than that used by previous researchers ( 1.5 m/hr. maximum). Di Bernardo (1988) 
Table 5.1.1 shows results after Phase 1 was initiated.
Table 5.1.1 Average monthly turbidity and faecal coliform % reductions at 
Dennery treatment works - 1989 (Phase 1). Flow rate for prefilter 3.3m/h and .24m/h 
ssf
Month Turbidity (NTU) Faecal coliform /100 ml
1989 Raw Prefiiter (%) SSF (%) Raw Prefilter {%) SSF (%)
March 182 3 7 80 5.0 86 - - - - -
April 75 16 79 4.0 76 200 150 25 70 53
July 18 15 17 1.9 87 10 .6 3 .3 69 0.8 76
August 15 13 15 8.0 39 74 40 46 3.0 93
Septem ber 36 32 11 2.0 93 33 27 18 7.0 74
October 16 14 12 9.0 36 150 70 53 25 64
Novem ber 16 12 25 8.0 33 70 53 19 18 66
Decem ber 17 13 24 7.0 46 152 114 25 27 76
Average 47 19 60 6 68 99 65 34 22 66
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1) Turbidity removal by prefilter 1
The overall objective of the project was to improve and treat water to ensure that the 
filtrate quality was always below the WHO guideline value of 5 NTU. Table 5.1.1 
demonstrates that this guideline was met during 3 out of the 8 months of operation. 
Bearing in mind the rule of thumb is that the turbidity of water entering the slow 
sand filter should always be less than 10 turbidity units. It was noted that the 
average monthly turbidity throughout this first phase never met this criterion. The 
turbidity was always >12 NTU, with an overall average of 19 NTU from the outlet of 
the prefilter in the range of 12 to 37 NTU. It was clear therefore, that the heavy 
burden of turbidity removal was placed on the slow sand filters which would have 
had to achieve well over 80% efficiency continuously to meet the guideline of less 
than 5 NTU. The main failure in turbidity removal therefore lay with the single 
prefilter which produced an overall average efficiency of 60%, ranging from 11 to 
80% in the face of monthly average raw water turbidity ranging from 15 to 182 NTU. 
Remarkably during the first month of operation when turbidity was highest (182 
NTU) the prefilter achieved its highest performance of 80%. Galvis suggests 
( personal communication ) that to achieve 80% efficiency consistently in the 
prefiltration of turbid water >50 NTU, requires at least 2 - 3 stages treatment 
depending on the loading. The Dennery prefilter was therefore handicapped in 2 
respects : 1) it was operated too fast and 2) it was designed as a single stage unit. 
The Dennery prefilter therefore may be judged to have performed creditably under 
these adverse conditions.
It should be pointed out that turbidity is caused by suspended solids (ss) in the 
water and that ss removal by either physical or physico-chemical processes 
reduces turbidity. Very fine suspended solids can be of a colloidal nature and 
cannot be removed to a significant extent by conventional filtration methods.
It follows that the turbidity/suspended solids relationship cannot be established with 
a high degree of certainty even for a single water source.
Turbidity can be determined quickly and conveniently whereas ss levels require the 
completion of a lengthy test. In addition, turbidity gives a measure of the aesthetic 
(ie. acceptability) quality of the treated water.
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2) Turbidity removal by the slow sand filters
The fact that the slow sand filters achieved an overall average turbidity of 6 NTU is a 
tribute to their tolerance of persistent turbidity overloading. The slow sand filters 
were able to achieve their highest reduction of 93% in September, even though the 
overall average loading was quite high at 32 NTU. However the slow sand filters 
were not able to continue with this high performance efficiency even when the 
loading was lower. The overall average turbidity loading on the slow sand filters 
was 19 NTU, ranging from 12 to 37 NTU, and achieved an overall performance 
reductions of 68% ranging from 33 to 93 %. The fact that the slow sand filters were 
able to achieve the WHO criterion of less than 5 turbidity units for only 3 out of the 
eight months of operation is a clear indication of the slow sand filters’ inability to 
cope with high loading >10 NTU for more than a few days (2 to 3 days).
3) Faecal coliform removal by the prefilter
The prefilter was not able to achieve high performances efficiencies for the faecal 
coliform removal as it did for the turbidity. The overall mean faecal loading was 99 
faecal coliform colonies per 100 ml ranging from 33 to 200 colonies per 100 ml. 
The prefilter was able to achieve an overall performance efficiency of 34%, ranging 
from 18 to 69%. The highest performance of 69% was achieved in July with a low 
faecal coliform loading of only 10.6 colonies per 100 ml, whereas in April with 
higher loading of 200 faecal coliform colonies per 100 ml only 25% efficiency was 
achieved .
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4) Faecal coliform removal by the slow sand filters
The slow sand filters were able to achieve an overall performance efficiency of 
66% during the 7 months of operation ranging from 53 to 93 % for faecal coliform 
counts. Slow sand filters are generally expected to achieve greater than 95% 
efficiency continuously. The poor performance by the slow sand filters was probably 
due to 1) the operator alternating the flow to the filters and not allowing it to operate 
continuously and 2) the slow sand filters were being operated without flow 
controllers.
Summary of phase 1
Results of phase 1 are summarised graphically in figures 5.1.1 and 5.1.2 for 
turbidity and faecal coliform colonies respectively. Figure 5.1.1 shows that peak 
turbidity loading was in March, which is surprising considering that the rainy season 
normally begins in July and ends in October. Only a small rise in turbidity was 
observed during the rainy season in September. Comparing figures 5.1.1 and 5.1.2 
a coincidence of higher turbidity and faecal coliform levels was observed in April, 
but not in August and the relationship was inverted in September. In general there 
was a poor correlation between raw water turbidity and faecal coliform counts. It 
should be noted, however that faecal coliform levels were never higher than in April. 
At this stage in the study there was no obvious link between turbidity reduction and 
microbiological removal efficiency, it was therefore worthwhile considering 
performance targets and efficiencies separately.
Since the objective was to optimise each treatment unit, particularly the prefilter for 
both turbidity and faecal coliform counts, it was sensible to review the prefiltration 
process in order to try to approach the 80 to 90% reduction efficiencies.
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Figure 5.1.2 Average monthly faecal collform reduction during treatment
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The single stage prefilter at Dennery achieved an overall performance efficiency of 
60%, This was comparable to the first of 3 stages of treatment in Azpitia cited by 
Pardon (1989). In Azpitia 80%. was the overall performance efficiency for a 3-stage 
vertical prefilters at flow rates of one tenth (0,3m/hr.) that presently applied at 
Dennery (3.3m/hr.). It was assumed that if the flow rate at Dennery was lower or at 
least a 2-stage prefiltration system the results might have been better. Turbidity is 
probably the most critical parameter which determines a filter’s operational 
performance, therefore it may be necessary to have theoretical guidelines to 
assess the performance efficiency of each treatment unit process. This is in order to 
determine the number of treatment stages required for a particular raw water quality 
Table 5.1.2 gives theoretical guidelines for one operational parameter ( turbidity ) 
and the required efficiencies per treatment unit at an assumed peak loading.
Table 5.1.2 Theoretical guidelines for designing prefilters to cope with 
assumed peak raw water turbidity for slow sand filters.
Peak Raw Water Prefilter %  Reduction Prefilter outlet S 3 F %  reduction SSF outlet Acceptable
Turbidity
50 50 25 90 2 .5 No
50 50 25 80 5 .0 No
50 80 10 80 2 .0 yes
100 50 5 0 90 5 .0 No
100 80 20 90 2 .0 No
100 90 10 80 2 .0 yes
200 90 20 90 2 .0 No
20 0 80 40 90 4.0 No
20 0 50 100 90 10 No
Source; [Lloyd (1989) (Personal communication)]
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The performance objectives of turbidity removal by prefilters and slow sand filters 
should be defined and integrated in order to achieve maximum efficiencies. The 
theoretical guidelines in table 5.1.2 demonstrate that when the prefilter does not 
achieve 80% when the peak raw water turbidity is only 50 NTU it does not meet the 
recommended turbidity level of less than 10 turbidity units required for slow sand 
filtration. This means that because the front line treatment unit does not achieve its 
optimum performance efficiency, the second stage treatment slow sand filters would 
have to work at high loading. This high loading is therefore transferred and 
reflected in the filtrate of the slow sand filters. Therefore the design criterion for 
prefilters for peak turbidity of up to 50 NTU, should be a minimum of 80% efficiency. 
This may only be achieved by a single prefilter at a lower flow rate < 1m/hr. 
Between 50 and 150 NTU, 2 stage prefilter is required, and greater than 150 NTU, 3 
or more stages are required. The results of phase 1, demonstrate a wide variation 
in the filtrate quality of the slow sand filter, which may be attributed to many factors. 
WHO/iRC - (1981) indicates the main factors which can influence filtrate quality; (1) 
raw water quality (2) grain size (3) rate of filtration (4) temperature and (5) the 
oxygen content of the water. It is clear that factors 1 and 3 were detrimental to the 
operation, but in addition there was the absence of a flow control weir on the 
Dennery slow sand filters and the caretaker operated one filter at a time. It is 
recommended that for the slow sand filter plant to operate optimally the filtrate 
quality from the preceding pretreatment unit should not exceed 10 NTU 
continuously and the slow sand filter should operate at a constant flow rate. The 
average turbidity fed to the (ssf) in table 5.1.1 was 19 NTU, which supports the need 
to further improve the performance of the prefiiter and hence the need for a second 
p ref liter. Although the need to improve the performance of the prefiiter was 
recognized at that time, it was more important to consider installation of flow control 
chambers for the slow sand filter first. It was anticipated that flow control would 
have had considerable impact on the performance of the slow sand filters in both 
physical and microbiological terms.
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Plate 2. Phase 2 - Dennery treatment plant flow control chambers after construction
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5.2. Installation of Outlet Control Chamber Phase 2
A flow control chamber usually consists of two sections separated by a wall, on top 
of which a weir is placed with its overflow slightly above the top of the sand bed 
level. This weir prevents the development of under pressure in the filter bed which 
could lead to the formation of air bubbles and consequently air lock. The weir 
ensures that the filter operates independently of the fluctuation in the level of the 
clear well reservoir caused by demand on the system. The weir also provides for 
aeration of the water by allowing the free fall of the water over the weir. The 
increased oxygen concentration-in the filtered water is facilitated if the chamber is 
suitably ventilated.
Figure 5.2.1 shows (a) plan of flow control chamber Figure 5.2.1 (b) shows section 
B-B of the flow control chamber. Table 5.2.1. Summarises the result after the 
installation of the flow control chamber.
Table 5.2.1. Average monthly reduction of turbidity and faecal coliform by 
filtration at Dennery after the installation of the flow control chamber in December - 
1989. (Phase 2) with flow rates of (3.3 and 0.24m/hr.) prefilter and ssf respectively
Month
1990 Raw
Turbidity (NTU) 
Prefilter (%) SSF (%) Raw
Faecal coliform /100 ml 
Prefiiter (%) SSF (%)
January 16 14 13 1.2 91 200 50 75 15 70
March 4 3.3 18 3.1 5 250 100 60 10 90
April 9 7 22 4 43 40 16 60 5 69
May 12 9 25 7 22 200 175 13 50 71
June 13 11 15 7 36 70 35 50 9 74
July 20 18 10 9 50 145 113 22 16 86
August 14 10 29 6 40 40 10 75 3 70
Septem ber 22 18 18 12 33 118 80 33 19 76
October 21 20 5 11 45 72 28 61 7 75
Novem ber 7 6 14 5 17 3 7 18 52 9 50
Average 1 3 .8 11.6 16 6.5 44 117 63 46 14 78
1 2 1
\■»
Figure 5.2.1 (a) Flow control chamber (Plan)
Figure 5.2.1 (b) Section B - B of flow control chamber ( scale 3/4” = 1’.0”)
1 2 2
5.2.1 Results and evaluation of phase 2
1) Turbidity removal by the prefilter 1
The overall average turbidity loading on the prefilter during this evaluation period of 
phase 2 was 13.8 NTU, this was low by contrast with 47 NTU in 1989. The turbidity 
loading ranged from 4 to 22 NTU. The overall average turbidity reduction by the 
prefilter was consequently lower (16%) in the range of 5 to 29% compared with 
60% in range of 11 to 80% reduction in 1989. The lower performance by the prefilter 
in phase 2 was probably due to the lower turbidity loading and the continuing high 
flow rate of 3.3 m/hr. The turbidity loading in phase 1 ranged from 15.3 to 182 
NTU, whereas in phase 2 it ranged from 4 to 22 NTU. This turbidity range is not in 
the optimum range for higher performance efficiencies by prefilters at such high flow 
rate.
2) Turbidity reduction by the slow sand filters
The overall performance efficiency by the slow sand filters was 44% reduction, in 
the range of 5 to 91%. The overall turbidity loading to the slow sand filters in phase 
2 was 11.6 NTU and in the range of 3.28 to 20 NTU. The overall filtrate turbidity 
from the slow sand filters was 6.5 NTU, and ranged between 1.2 and 12 NTU. The 
highest performance efficiency of 91% occurred with a turbidity loading of 14 NTU, 
and in the filtrate the turbidity was 1.2 NTU. The poorest filtrate quality of 12 NTU 
occurred with a loading of 18 NTU, and achieved 33 % reduction. The inconsistency 
in the filtrate quality may have been due to the variations in the turbidity loading, 
which was brought about by the prefilter inability to adequately reduce the turbidity 
to 10 units or less for the slow sand filters.
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It was interesting to note that the overall mean turbidity applied to the slow sand 
filters was just above the prescribed 10 NTU (11.6 NTU) and that it resulted in the
overall mean filtrate quality from the slow sand filters also being just above the
prescribed maximum level of 5 NTU (6.5 NTU).
3) Faecal coliform reduction by the prefilter phase 2
The overall bacteriological reduction by the prefilter in phase 2 was 46%, and in 
the range of 13 to 75%, by contrast with phase 1 when it was 34%, in the range of 
18 to 69% in 1989. The overall faecal loading in phase 2 was 117 faecal colonies 
per 100 ml and in the range of 37 to 250 faecal coliform colonies per 100 ml. In 
phase 1, the overall loading was 99 faecal colonies per 100 ml, in the range of 10.6 
to 200 faecal coliform per 100 ml. Comparatively the data shows that the higher 
loading gave a slightly higher performance efficiency. This difference was not 
statistically significant and it was also recognised that the prefilter was operated at 
the same flow rate as in phase 1 (3.3m/hr.)
4) Faecal coliform reduction by the slow sand filters phase 2
In phase 2 the slow sand filters achieved an overall performance efficiency of 78%, 
in the range of 50 to 90%. During this evaluation period the slow sand filters 
received an overall faecal coliform loading of 63 faecal colonies per 100 ml, in the 
range of 10 to 175 faecal coliform per 100 ml. The performance improved in 
comparison with phase 1, when the slow sand filters received an overall faecal 
coliform loading of 65 faecal colonies in the range of 3.3 to 150 faecal coliform per 
100 ml, and achieved 66 % efficiency, in the range of 53 to 93% reduction. Figures
5.2.1 and 5.2.2 show graphically the turbidity and faecal coliform removal rates in 
the slow sand filters after the second intervention.
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Figure 5.2.2  Average monthly faecal coliform reduction during treatment
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Summary of phase 2
In figures 5.2.1 and 5.2.2 it can be seen that throughout phase 2, the monthly 
average turbidity increased steadily, whereas the faecal coliform loading declined, 
but erratically. In general the faecal coliform removal held steady in the slow sand 
filters achieving an overall percentage efficiency of 78%, whereas turbidity removal 
was substantially lower in both the prefiiter and slow sand filters.
Whilst the overall performance efficiencies of the two phases were not consistent ,
nonetheless, they should be considered in the context of 1) the low raw water
loading and 2) the fact that the turbidity was not adequately reduced by the prefilter
due to the high flow rate. Consequently the load transferred on to the slow sand
filters was too high to cope with. The slow sand filters received an average turbidity
loading of 11.6 NTU in the range of 3.28 to 20 NTU, and managed to reduced the
turbidity to 6.5 units (44%) overall, which still left it higher than the recommended
valve of 5 NTU (IRC / WHO - 1978). This meant that the prefilter unit did not achieve
its objective of producing a performance of at least 80% reduction and
consequently, the turbidity level target of less than 5 NTU was not achieved by the
slow sand filters. In comparing the filtration rate through the prefilter against other
research work, it was noticed that the flow rate for the Dennery prefilter was
(3.3m/hr.) about 2.2 times faster than the highest flow rate of 1.5m/hr., cited by Di
Bernardo (1988). Although one of the objectives was to identify highest flow rate
suitable for the prefilter, clearly the present flow rate was too fast by contrast with Di
Bernardo (1988) 1.5 m/hr., which achieved 46% in turbidity reduction and 84.5 % in
faecal coliform efficiency. It was therefore sensible to consider reducing the flow
rate by at least half which would take it closer to 1.5m/hr. Table 5.2.2. and 5.2.3.
show operational results and the corresponding flow rates of the research work of
other authors, giving the appropriate reductions from pretreatment plants.
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Table 5.2.2. Operational results of pretreatment research work and 
researchers
Turbidity (range)NTU 
Raw Prefilter % Reduction
Faecal coliform /100 ml 
Raw Prefilter % Reduction
Researcher
5 7 31 46 6 5 0 101 84 .5
150 15 90 16000 1680 89 .5
197 28 8 6 8 6 0 2 4 6 71
Di Bernardo 1988 
Galvis 1992 
Pardon 1989
Table 5.2.3. The following are some of the operational flow rate ranges for 
research work in table 5.2.2.
Researcher Flow (m /Hr.)
1. Di Bernardo - 1988 0.17 to 1.5 m /hr.
2. Galvis -1992 0.3 to 1.0m /hr.
3. Pardon - 1989 0.20 to 0.6m /h
127
Schematic Layout of Dennery Treatment Works
Prefiiter 
No 2 No 1
Slow sand Hlier 1
Slow sand n iter 2
Row control
chamhent
O ilorine
Phase 3 after construction o f second prefiiter in parallel
Plate 3. Phase 3 - Dennery treatment plant 2nd prefilter under construction
128
CO
bû
CO
m
5.3. Construction of Second Prefiiter Phase 3
The fact that the single prefilter did not achieve the satisfactory effluent quality of 10 
NTU or less was a cause for concern. This poor performance was reflected in the 
filtrate of the slow sand filters, which produced overall filtrate turbidity of 6 NTU in 
phase 1 and 6.5 NTU in phase 2, although the turbidity loading in phase 2 was 
lower than in phase 1 .
Considering that the poor performance was brought about by the turbidity loading 
and flow rate on the prefilter (3.3 m / hr.), it was not surprising that the performance 
was poor and subsequently caused the slow sand filters to be over loaded. From 
the results in phases 1 and 2 it was noticed that neither of the treatment units were, 
performing to their required optimum levels of > 80 & > 90% on average as 
proposed by Lloyd (1989) in table 5.1.2. Because of this non compliance four 
options considered to improve the efficiency of both the prefilter and slow sand 
filters:
1. reduce the flow rates
2. increase the surface area of the prefilters
3. construct an additional prefilter in the series
4. alter the sand size grading
Option 1 could be considered because the village demand dictated a flow rate of
(30m^ / hr.), which gave an actual flow rate of 2.7 m / hr., instead of the 3.3 m/hr., in 
the single prefilter, and 0.26 instead of 0.3 m /hr. through the slow sand filters. The 
reduction in flow rate came about as a result of domestic metering being introduced 
in the area during 1991. This flow rate through the prefilter was still higher than that 
of the other researchers presented in table 5.2.3, The same also applied to the 
slow sand filters because of the fixed consumption.
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The fourth choice was to replace the sand with one of a smaller size grain which 
would be a very expensive venture but still remained an option. Therefore the first 
and second options to increase the surface area of the prefilter, were selected. The 
following were calculated based on the proposed increase in surface area of the 
prefilter and the slow sand filters remaining the same.
1. Prefilter was increased from 11 m^ to a total surface area of 22.42m^ in 2 
sections. Prefilter 1 had an area of 11 m^ and prefiiter 2 had area of 11.42m^. The
present demand rate of (30m^ / hr.) gave a flow rate of 1.4 m / hr,, in prefilter 1 and 
1.3 m/hr., in prefilter 2.
This represent 48 % and 52% decrease respectively in overall prefiltration flow rate 
under the original rate of 2.7 m /hr. The second prefilter was built adjacent to the 
existing one in December 1990, and operated in parallel. The prefilter design was
similar but prefiiter 2 was 0.42m^ larger. Details of design are given in appendix 3
but not showing size difference. The old prefilter 1 had a new flow rate of 1.4 m/hr., 
and fed slow sand filter No. 1. The new prefilter 2 had a flow rate of 1.3 m/hr., and 
fed slow sand filter No.2. This was to allow flexibility of operation and the 
monitoring of the individual unit treatment process.
2. The slow sand filter total area 117m^, given the recommended maximum filtration 
rate of 0.3 m / hr., means that the maximum capacity of the plant would be about 
35m^ / hr., or 0.26m /hr., at a capacity of 30 m^ / hr.
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Table 5.3.1 Average monthly turbidity and faecal coliform reduction - Dennery 
with prefiiter and slow sand filter flow rates of (1.4m/hr. and 0.24m / hr. 
respectively) Phase 3. Prefilter and Slow sand Filter No 1.
Month
1991
Turbidity (NTU)
Raw Prefitter (%) SSF No 1 (%) Raw
Faecal coliform /100 ml 
Prefilter (%) SSF No 1 (%)
January 15 .5 1 0 .4 3 2 .9  9 .4 9 .6 104 60 42 51 15
February 4 .5 3 .6 19 3 .6 0 .8 78 4 4 42 30 32
March 7 .3 5 .7 22 2 .4 58 127 116 9 60 48
April 4 .9 3 .0 39 2.9 3 .3 70 91 -30 42 54
May 2 .4 2.1 12 1.7 15.7 29 21 28 28 -33
Average 6.9 4 .9 28 4 .0 19 8 1 .6 6 6 .4 18.6 42.2 36.4
Table 5.3-2 Average monthly turbidity and faecal coliform reduction Dennery 
with prefilter and slow sand filter flow rate at (1.3 m/hr. and 0.24m / hr. respectively) 
Phase 3. Prefilter and Slow Sand Filter No 2.
Month
1991
Turbidity (NTU) 
Raw Prefitter (%) SSF No 2 (%) Raw
Faecal coliform /100 ml
Prefilter (%) SSF No 2 (%)
January 15.5 9.8 37.7 8 .9 9 104 14 8 7 10.5 25
February 4 .5 5.0 -12 3.21 3 6 .3 63 7 .9 87 4 .3 45
March 7.3 3.1 5 7 .5 2 .3 26 116 1 8 .4 8 4 9 .3 49
April 4 .9 3 .7 24 3 .5 5 .0 67 12 82 7 .3 39
May 2 .4 2 .2 8 2 .2 00 29 19 3 4 5 .4 71
Average 6 .9 4 .7 31 4 .0 16 76 14.2 8 1 .2 7 .3 48
NB. The above results were before the sand was changed in filters No 1 & 2
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5.3.1 Results and evaluation of phase 3 
1) Performance efficiency of prefilter 1 and slow sand filter 1
The second prefilter was commissioned at the end of December 1990, and 
evaluation began in January 1991. The two prefilters allowed the flexibility to 
operate and evaluate each treatment unit independently. Prefilter 1 fed slow sand 
filter 1 and prefilter 2 fed slow sand filter 2. The evaluation in this phase only 
considers the period January to May before the slow sand filter sand was replaced 
in June and July.
1 ) Prefilter 1 achieved an overall performance efficiency for turbidity removal of 
28% in the range of 12 to 39.% with an overall loading of 6.92 NTU, and in the 
range of 2.4 to 15.5 NTU.
2 ) Slow sand filter 1 achieved 19 % overall performance efficiency for turbidity 
reduction in the range 0.8 to 58 %, with an overall loading of 4.96, in the range of
2.1 to 10.4 NTU.
3 ) Prefilter 1 achieved an overall performance efficiency for faecal coliform 
reduction of 18.6 %, in the range of -30 to 42% from an overall average loading of 
81.6 faecal coliform per 100 ml in the range of 29 to 127 faecal coliform counts per 
100 ml.
4 ) Slow sand filter 1 achieved 36.45% performance efficiency for faecal coliform 
reduction, in the range of -33 to 54% from an overall loading of 66.4 faecal coliform 
per 100 ml in the range of 21 to 116 faecal coliform per 100 ml.
The minus performance values suggest continuing poor operational control such as 
a lack of routine cleaning in the case of the prefilters, and sharp change in flow in 
the slow sand filters
132
2) performance efficiency of prefilter 2 and slow sand filter 2
1 ) Prefilter 2 achieved an overall performance efficiency for turbidity removal of 
31% in the range of -12 to 57.5.% with an overall loading of 6.92 NTU, and in the 
range of 2.4 to 15.5 NTU.
2 ) Slow sand filter 2 achieved 16 % overall performance efficiency for turbidity 
reduction in the range 0.0 to 36.3 %, with an overall loading of 4.76 NTU, in the 
range of 2.2 to 9.8 NTU.
3 ) Prefilter 2 achieved an overall performance efficiency for faecal coliform 
reduction of 81.2 %, in the range of 34 to 87% from an overall loading of 76 faecal 
coliform per 100 ml in the range of 29 to 116 faecal coliform counts per 100 ml.
4 ) Slow sand filter 2 achieved 48% overall performance efficiency for faecal 
coliform reduction , in the range 25 to 71%, from an overall loading of 14.26 faecal 
coliform per 100 ml in the range of 7.9 to 19 faecal coliform per 100 ml.
Summary of phase 3
1) The overall turbidity loading to both prefilters 1 and 2 was 6.92 NTU, and 
achieved an overall average performance efficiency of 29.5%. The turbidity removal 
data during the first 5 months of operation show that the overail performance by 
prefilter 2 was higher than the prefilter 1. Although the difference in efficiency was 
not significant, 28% for prefilter 1 and 31% for prefiiter 2. However during 3 months 
out of the 5 months of operation prefilter 2 performed worse than prefilter 1. These 
efficiency differences must be considered in the light of the extremely low loading of 
6.92 NTU (overall mean) for the entire period. It should be noted that prefilters are 
not designed to treat this type of turbidity and were almost redundant for at least 4 
months of the 5 months.
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In January 1991 the prefilters provided an appropriate barrier when the average
loading was 15,5 NTU, but performed well below the 80% efficiency requirement.
The slow sand filters received an overall average turbidity loading of 4.86 NTU, and
achieved an overall average performance efficiency 17.5%.
In spite of the poor performance by both treatment units, particularly the slow sand 
filters they still managed to attain an average filtrate turbidity of 4.0 NTU, which at 
last was within the WHO criterion of less than 5 turbidity units. Although the filtrate 
turbidity was within the WHO guidelines of <5 NTU, unfortunately the slow sand 
filters still did not manage to achieve the target of the > 90% efficiency which slow 
sand filters are capable of obtaining. This turbidity target was achieved in part 
because the overall turbidity loading to the slow sand filters was already below 5 
NTU target. Because of this extremely poor performance by the slow sand filters 
with the overall turbidity loading well within the recommended values, this was 
further justification to change the slow sand filter media.
2 ) Remarkably the prefilters achieved an overall performance efficiency of 49.9.% 
for faecal coliform reduction (mean of PF 1 and PF 2) by contrast with 1989 (34%) 
and 1990 (46%) when the loadings were higher. Individually prefilter 2 obtained 
higher overall performance efficiency (81.2%) in the range of 34 and 87, probably 
because the flow rate was lower (1.3m /hr.) and also prefiiter 2 was new and had a 
larger (storage) capacity and therefore retained more of the contaminants. It may be 
possible also that there was breakthrough in prefilter 1, due to improper 
backwashing procedure by the caretaker. One of the key operating parameters 
which affects the efficiency of prefilter is backwashing technique and backwashing 
frequency, which has already been discussed in section 4.5.1.
3 ) The 2 slow sand filters achieved a mean performance reduction of 42.2% in 
faecal coliform counts. This reduction by comparison was much lower than that of 
1989 (66%) and 1990 (78%), however the loading was also lower.in this phase. 
The overall average faecal coliform loading in phase 3 was 78.8 coliform per 100 
ml. This loading was lower than the 2 previous years 99 faecal coliform in 1989 
and 117 faecal coliform in 1990.
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From the results in phases 1, 2 and 3 it was observed that the treatment units were 
still not performing to their optimum levels of > 80 to 90% efficiencies consistently in 
spite of further interventions in phases 2 and 3. It was understandable that the 
prefilters were not performing as they should because of low turbidity loading 
ranges, but there were no obvious reason for the slow sand filters to perform poorly 
at this time of the study. The slow sand filters should have performed better at 
beginning of 1991, because the overall average turbidity loading was only 6.92 
NTU, compared to 19 NTU in (1989) and 11.6 NTU in (1990) instead it only 
achieved 19% efficiency reducing the turbidity to 4 .0 NTU.
The hypothesis here was that the situation may have been due to one of, or a 
combination of, several factors before the interventions 1, 2 and 3.
a) The coarseness of the media
b) High flow rate (>0.3 m/hr.)
c) Operatorational malpractice causing particles to penetrate deep into the filter
bed because of
(1) the control of flows with a float valve system and not a constant flow weir caused 
surges in the bed when demand was high.
(2) the on and off situation inhibited the formation of Schmutzdecke.
d) Characteristics of the particles based on size.
Having considered all of the above and initiated corrective measures in all areas 
except changing the sand medium, which was an option mentioned earlier, it 
seemed pertinent at this point to consider changing the slow sand medium, 
realising that most of the previous interventions did not produced the expected 
results.
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5.4. Replacement of Slow Sand Filters Phase 4. .
The conclusion that the sand used initially was probabiy too coarse, based on the 
dissatisfaction with results from the preceding interventions, caused the author to 
proceed to replace the media in both slow sand filters with a view to enhancing their 
performance efficiencies. The sand was replaced in the months of June and July
1991. The sand obtained came from a beach nearby about one mile from the filter 
site. The sand, when analysed was found to be finer than that recommended by 
IRC / WHO.(1997) It was noticed that when the sand was analysed that 
approximately 24.2% of the sand by weight was below the effective size range 0.2 
to 0.6 mm as recommended by IRC / WHO (1987) and 7.2% was below 0.1 mm. 
IRC / WHO recommends only about 10% by volume should be below the 0.2 mm. 
Table 5.4.1 gives results of sieve analysis of the old and new sand and figure 5.4.1 
show plotted results of the old and new sand against IRC / WHO recommended 
analysis.
Table 5.4.1 Result of sieve analysis of old and new sand from Dennery filter. 
Sieve Size (mm) Weight of Particles Retained (g) Weight of Particles Retained (g)
(old) (7o) ( new) (7c)
2 .8 75 15 0 .0 0.0
2 .0 36 7 .2 0.1 0.02
1 .18 57 11.4 0 .9 0.18
1.0 22 4 .4 0 .95 0.19
0 .6 56 11.2 14.9 2.99
0.5 20 4 14 .99 3.0
0 .4 23 5 16.0 3.21
0 .3 41 8 84.1 17.0
0 .2 83 17 247.1 49.4
0.1 40 8 85 17.0
Retainer 47 9 36 7.2
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Figure 5.4.1. Particle size distribution from sieve analysis of Dennery old and new 
sand plotted against theoretical ideal size distribution, (source ; IRC / WHO, 1987).
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The results of the sieve analysis of sand size distribution from Dennery filter in table
5.4.1 compares the analysis of old against the new sand : 
a ) sieve size ranges from 0.1 to 2.8 mm.
b) About 49% ( by weight ) of the old sand was greater than the sieve size 0.6 mm 
and about 34% ( by weight ) was within the effective recommended size distribution 
of 0.21 to 0.61 mm.
c ) this gives a uniformity coefficient number of ( dgg / d  ^g ) = (1.0 / 0.21 ) = 4.76 for 
the old sand
The analysis of the new sand by contrast produced results of 3.38 % greater than 
0.6 mm and 24% by weight smaller than 0.2 mm and 72.61% by weight was above 
the effective size distribution. The effective size distribution for the new sand was 
0.17 mm to 0.28 mm which gives a uniformity coefficient number of 0.28 / 0.17 = 
1.65.
Size uniformity coefficient
60%/10% = 0.61/0.21= 2.9 typical recommended
(IRC 1981)
1.0 / 0.21 = 4.76 old sand 
0.28 / 0.17 = 1.65 new sand
The effective size of the old sand was 0.21 mm and that of the new sand was 0.17 
mm
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IRC / WHO 1987 citing Bellamy (1985), expresses the importance of small size 
media using total coliform as the indicator to demonstrate its performance efficiency 
in figure 5.4,2. A well operated slow sand filter should in theory produce 
performance efficiencies as shown in table 5.4.2.
Table 5.4.2 Typical performance efficiency of slow sand filters
Parameters of water Quality Purification effect of Slow Sand Filtration
Colour 3 0 - 9 0  %  reduction
Turbidity < 1  NTU
Faecal Coliform Between 90 - 99 % reduction
Cercariae Virtual removal ( Schistosoma & Cysts )
Viruses Virtually complete removal
Organic matter - 30 - 70 %  reduction in COD
Iron and Manganese Largely removed
Heavy Metals 30 - 90 %  reduction
Source: IRC / WHO-(1987).
The use of this fine effective grain size will improve the performance of the treatment 
process but will also increase the initial head loss through the filter bed.
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Table 5.4.3 The average monthly turbidity and faecal coliform levels and % 
reduction after the replacement of ssf sand; (prefilter and ssf flow rates of
1.4m/hr. and 0.24m / Hr. respectively). Phase 4. Prefilter and slow sand filter No 1.
Month
1991 Raw
Turbidity (NTU) 
Prefilter (%) SSF No 1 (%) Raw
Faecal coliform /1 00 ml 
Prefilter (%) SSF No 1 (%)
J u n e 2 . 3 2 . 4 ■ 4 2 . 4 - 4 2 5 2 8 - 1 2 1 9 . 6 3 0
J u ly 4 . 5 2 5 . 8 - 29 3 . 8 3 6 4 4 8 4 - 9 1 9 6 - 1 4
August 7 .4 7.1 4 7 .0 2.0 95 72 24 38 47
S eptem ber 1 0 .5 6 .0 43 6.0 0 70 75 -7 14 81
O ctober 1 2 .3 9 .8 20 9 .0 8 .0 65 73 -13 21 72
N ovem ber 23 21 8.1 2 4 .3 -15 78 5 4 31 15 70
Decem ber 6 .6 6.5 1.5 3 .6 45 3 0 0 70 77 30 57  •
Average 9 .5 8 .3 12 8 .0 4.1 9 7 65 33 33 .3 49
Table 5.4.4 The average monthly turbidity and faecal coliform levels and % 
reduction after the replacement of ssf sand. ( pre filter and ssf flow rate at 1.3m/hr. 
and 0.24m / hr. respectively) Phase 4. Prefilter and slow sand filter No 2.
Month Turbidity (NTU) Faecal coliform /100 ml
1991 Raw Prefilter (%) SSF No 2 (%) Raw Prefilter (%) SSF No 2 (%)
J u n e 2 . 3 2 . 3 0 1.9 1 7 2 5 . 2 8 . 3 6 7 5 . 5 3 4
J u ly 4 . 5 3 . 4 2 3 3 .1 1 0 4 4 8 2 - 8 6 5 2 3 7
August 7 .4 7 .3 1.8 7 .3 0 9 5 95 0 48 49
S eptem ber 1 0 .5 8 .0 24 6 .0 25 70 72 -3 12 84
O ctober 1 2 .3 9.1 25 9.5 -4 .4 65 5 2 28 19 64
N ovem ber 2 3 21 7 .3 21 0 78 53 32 13 .3 75
D ecem ber 6 .6 6 .5 1.5 5 .6 11 3 0 0 120 60 40 67
Average 9 .5 8 .2 13 7 .7 5 .7 9 6 .7 69 2 8 .7 27 61
June and July data In each table are highlighted because the sand was replaced in the slow sand filters 
at this time and the performance suffered accordingly
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5.4.1 Results and evaluation of phase 4 
Performance by prefilter 1
1) The period from June to December 1991 after the sand was changed, prefilter 1 
received an overall turbidity loading of 9.5 NTU, in the range of 2.3 to 23 NTU, and 
achieved an overall performance efficiency of 12 %, in the range of -29 to 43%.
2) During the same time the overall faecal coliform loading to prefilter 1 was 97 
colonies per 100 ml, in the range of 25 to 300 faecal coliform per 100 ml. Prefilter 
1 achieved 33 % overall performance efficiency in the range of - 91 to 77 % 
efficiency. However if the data for June and July were excluded to allow for 
disturbance to the top of the prefilters which occurred during this time, the 
performance would have been 43.4 % removal.
Performance by slow sand filter 1
1) Slow sand filter 1 received a turbidity loading of 8.38 NTU, in the range of 2.4 
21 NTU and achieved an overall performance of 4.18 %, in the range of - 15% to 
45%.
2) Slow sand filter 1 received an overall faecal loading of 65 colonies per 100 ml, in 
the range of 28 to 84 faecal coliform colonies per 100 ml and achieved an overall 
performance efficiency of 49 % in the range of -14 to 81 %. If data for June and 
July were excluded to allow for prefilter disturbance and slow sand filter sand 
replacement, the performance efficiency would have increased overall to 65%
Performance by prefilter 2
1) P re filter 2 achieved an overall performance efficiency of 13 % in the range of 0 to 
25 %, with the same turbidity loading as prefilter 1 (9.5 NTU). A point of observation 
here is the range of performance efficiencies between prefilters 1 ( - 29 to 43 %) and 
prefilters 2 (0  to 25 %).
2) Prefilter 2 received an overall faecal coliform loading of 96.7 colonies per 100 
ml, in the range of 25.2 to 300 colonies per 100 ml. Prefilter 2 achieved an overall 
performance efficiency of 28.7 %, in the range of -86 to 67% reduction.
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Performance by slow sand filter 2
1) Slow sand filter 2 received an overall turbidity loading of 8.24 NTU in the range 
of 2.3 to 21 NTU, and achieved an overall performance of 5.7 %, in the range of
- 4.4 to 25%. This reduction was negligible by comparison with prefilter 1 , 4.18% in 
the range of -15 to 45%.
2) The slow sand filters received an overall faecal coliform loading of 69 colonies, 
in the range of 8.3 to 120 faecal coliform per 100 ml, and achieved an overall 
performance efficiency of 61 % reduction , in the range of 34 to 84 %.
Summary of phase 4
The overall treatment performance efficiencies of phases 3 and 4 are summarised 
in table 5.4.5 , in which the overall performance of the plant was assessed after 
phase 3 and after phase 4. separately
Table 5.4.5 Overall Average loadings and reductions of both prefilters and slow 
sand filters before the sand was replaced in January to May 1991.
Turbidity (NTU) Faecal coliform /1 00 ml
1991 Raw Prefilter (%) SSF (%) Raw Prefilter (%) SSF (%)
Average 6 .9  4 .8  2 9 .8  4 .0  1 7 .7  78.8 40,3 48.8 24.7 38.7
Table 5.4.6 Overall average loadings and reductions of prefilters and slow sand 
filters after the sand was replaced in June to December. 1991.
Average 9 .5  8 .3  1 2 .5  7 .9  5 9 7 67 31 3 0 5 5
M ean* 8 .2  6 .5  2 1 .0  5 .9  11 88  5 3 .6  40.4 27.3 46.8
* Overall for January to December 1991
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1) The prefilters achieved an overall mean performance efficiency of 21% in 
turbidity reduction, with an overall turbidity loading of 8.21 NTU, while the slow sand 
filters achieved 11% reduction , with an overall loading of 6.58 NTU.
2) Bacteriologically both treatment units did better than for turbidity reduction.
The prefilter achieved an overall performance reduction of 40.4% from a loading of 
88 faecal coliform colonies per 100 ml. The slow sand filters achieved overall 
collective efficiency reduction of 46.8% from a faecal coliform loading of 53.6 faecal 
coliform per 100 ml.
In comparing the overall percentage efficiencies before and immediately after the 
sand was replaced (intervention 4), it was noticed that there was not a significant 
difference in performance before and after the sand was replaced. Although the 
treatment units did just slightly better before the sand was replaced, except for 
faecal coliform reduction by the slow sand filters after the the sand was changed 
phase 4.,when it was 46.8%. This slight difference in performance in phase 3 may 
have been due to the fact that the old sand had been in use for more than 3 years, 
and therefore had reached its optimum efficiency potential. The bacteriological 
improvement in phase 4 by the slow sand filters may be due to the observation cited 
by Bellamy (1985) with regards to the finer sand grain size distribution.
Another apparent reason for the poor performance in turbidity reduction by the siow 
sand filters may have been due in part to the leaching of some of the fine material 
(7.2% of < 1 mm) from the new media. In spite of the slow sand filters not 
performing as expected for the turbidity removal, there were noticeable 
improvements in bacteriological reduction in the treatment unit process in the 
months after the sand was changed between (August to December 1991 ) in tables 
5.4.3 and 5.4.4. This slight improvement is probably due to the ripening 
phenomenon which may take as long as 6 months and over (Galvis, 1992) PhD 
thesis being processed. Figures 5.4.3 to 5.4.6 summaries graphically the reduction 
for the individual treatment unit processes for turbidity and faecal coliform.after 
phase 3, and after the sand was replaced.phase 4.
143
=)h*Z
Z
3I -
Oo
30
20 -
ssf sand was replaced
10 -
Jan Feb M ar A pr May Jun Jul Aug Sep Oct Nov Dec
-s  Raw Tur
  PF1 Tur
-fl  SSF1 Tur
Months 1991
Figure 5.4.3 Average monthly turbidity reduction during treatment
u
400
300 -
200  -
ssf sand was replaced
Jan Feb M ar A pr M ay Jun Jul Aug Sep Oct Nov Dec
Raw Bact 
PF1 Bact 
SSF1 Bact
Months 1991
Figure 5.4.4 Average monthly faecal coliform reduction during treatment
144
30
20 -
ssf sand was replaced
Ü
Jan Feb M ar A pr May Jun Jul Aug Sep Oct Nov Dec
-Q  Raw Tur
  PF2 Tur
-a   SSF 2 Tur
Months 1991
Figure 5.4.5 Average monthly turbidity reduction during treatment
400
E 300 -
oo
ssf sand was replaced200 -E
o
oo
100  -cao0)(9u.
Jan M ar Apt May Jun Jul Aug Sep Oct Nov Dec
Raw Bact 
PF2 Bact 
SSF2 Bact
Months 1991
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In figurer 5.4.3 to 5.4.6 it was observed that both the prefilters and slow sand filters 
performed poorly for turbidity removal, whereas for the bacteriological removal the 
slow sand filters performed better, particularly slow sand filter 2. As was expected 
the performance dropped during the months of June and July when the sand was 
being replaced, but by August there was a steady and continuous improvement for 
both slow sand filters. It was also observed that in August the p re filter performed 
poorly because new gravel was added
5.4.2 Progress results and evaluation after phase 4 In 1992
Table 5.4.7 Average monthly reduction for turbidity and faecal coliform raw and 
treated water at Dennery. (Prefilter and ssf flow rate at 1.4m/hr. and 0.24m / hr. 
respectively) Phase 4. Prefilter and Slow Sand Filter No 1.
Month
1992 Raw
Turbidity (NTU)
Prefilter (%) SSF No 1 (%) Raw
Faecal coliform 
Prefilter (%)
/100 ml 
SSF No 1 {%)
January 5 .3 4 .9 14 5.2 -15 25 22 12 7 68
February 3 .0 3.1 -2.6 2.8 9.6 14 10 28 5 52
March 1.9 1.6 16 1.4 7 22 11 51 0.73 93
April 5 .3 5 .2 1.3 4.6 12 117 45 61 8 82
May 20.2 18.7 7 17 8.8 62 30 51 7.5 75
Average 7 6.7 4.3 6.2 7 48 23.6 50 6 74
Table 5.4.8 Average monthly reduction for turbidity and faecal coliform in raw 
and treated water at Dennery. ( Prefilter and ssf flow rate at 1.3m/hr. and 0.24m / hr. 
respectively) Phase 4. Prefilter and Slow Sand Filter No 2.
Month
1992
Turbidity (NTU) 
Raw Prefilter (%) SSF No 2 {%)
Faecal coliform /1 00 ml 
Raw Prefilter (%) S S F N o2(% )
January 5 .3 4 .4 17 7 -60 25 22 12 3 85
February 3.0 3 .2 -6 3.3 -3 14 9 35 4 56
March 1.9 1.4 27 1.1 17 22 5.3 76 0 .2 7 95
April 5 .3 5.1 3.2 4.1 20 117 26 7 7 .4 10 62
May 2 0 .2 19 7.3 16 16 62 2 9 .7 52 5 84
Average 7 6 14 6 0 46 18 61 4 78
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Performance by prefilter 1 for turbidity
1) In 1992 the p re filters received an overall turbidity loading of 7 NTU, in the range 
of 1.9 to 20.2 NTU. Prefilter 1 achieved an overall performance efficiency of 4.3%, 
in the range of - 2.6 to 16 % reduction.
2) Slow sand filter 1 achieved an overall performance efficiency of 6%, in the range 
of -15  to 12% reduction from an overall turbidity loading of 6.7 NTU, in the range of 
1.6 to 18.7 NTU.
Performance by prefilter 2 for turbidity
3) Prefilter 2 achieved 14%, in the range of - 6 to 27 %, by contrasted with 4.3 % for 
prefilter 1, with the same overall turbidity loading of 7 NTU. The higher performance 
efficiency was possibly due to the lower flow rate of 1.3m/hr., which was 0.1 m/hr., 
lower than prefilter 1(1.4 m/hr.). However both prefilters were still performing poorly 
and the reason for this may lie in the physico - chemical nature of the turbidity, since 
the slow sand filters also fail to have significant impact on turbidity reduction.
4) Slow sand filter 2 in the first 5 months of operation in 1992 performed poorly 
overall for turbidity removal. In the months of January and February achieved 
negative results of - 60 and - 3 % respectively. Whereas slow sand filter 1 had 
negative results only in January of -15%. However in comparing the slow sand 
filters individual monthly performances, it was noticed that in the months of March to 
May slow sand filters 2 achieved higher performance efficiencies, however these 
efficiencies were not significant enough to have had any effect on the overall 
performance, for this period which gave the overall advantage to slow sand filter 1 
which only managed 6% reduction efficiency. Figures 5.4.7 to 5.4.10 summarises 
the monthly turbidity and bacteriological reductions.
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Performance by prefilter 1 for faecal coliform removal
1) In comparing the bacteriological performances in figures 5.4.8 and 5.4.10 it was 
noticed that prefilter 1 had an overall performance efficiency of 50% faecal coliform 
reduction, In the range of 12 to 61%, from an overall loading of 46 faecal coliform 
per 100 ml, in the range of 14 to 117 faecal coliform per 100 ml.
2) Prefilter 2 achieved an overall performance efficiency of 61% in the range of 12 
to 77.4% reduction, with the same faecal loading as prefilter 1. This performance 
difference was significant considering the poor performances form the other 
Intervention.
Performance by slow sand filter 1 for faecal coliform removal
3) Slow sand filter 1 achieved an overall performance efficiency of 74% faecal 
coliform in the range of 52 to 93%reduction, with an overall loading of 23 faecal 
coliform colonies per 100 ml, in the range of 10 to 45 faecal colonies per 100 ml.
4) Slow sand filter 2 achieved an overall performance of 78 % faecal coliform in the 
range of 56 to 95 % reduction, with an overall loading of 18 faecal coliform per 100 
ml, in the range of 5.3 to 29.7 faecal coliform colonies per 100 ml. This 
performance difference was not statistically significant. However in April of phase 4 
both the prefilters and slow sand filters performed adequately achieving 61 % from 
prefilter 1 and 82% from slow sand filter 1. Prefilter 2 achieved 77.4% and 62% 
from slow sand filter 2. These performance efficiencies were quite distinct from 
figures 5.4.8 & 5.4.10, and was probably the best individual monthly performance 
for the entire study period, because for the first time 95% reduction reached.
Summary of treatment plant performance in 1992
While the overall performance objectives of the treatment plant during the four years 
were not achieved, it was interesting to note the individual yearly performances set 
against the mean loadings. The data supported the law of diminishing returns for 
turbidity in this instance, that performance decreases with reduced turbidity loading. 
Although the treatments units did not attain the >80 - >90% efficiency for turbidity 
removal in both the prefilters and slow sand filters respectively.
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However there were signs of improvements particularly the bacteriological 
reduction from August to December 1991 and January to May 1992.
These bacteriological Improvements were more evident in prefilter 2 and slow sand 
filter 2. Slow sand filter 2 achieved an overall efficiency of 48.% in phase 3, before 
the sand was replaced, 61% in phase 4, after the sand was replaced in 1991 and 
78 % in 1992. When these performance efficiencies were compared against slow 
sand filter 1, in phase 3 before the sand was changed it achieved 36.45%, in phase 
4, achieved 49% and in 1992, 74%,
In 1992 the slow sand filters achieved an overall mean reduction 76% faecal 
coliform ranging from 52 to 95 %. This improvement was achieved against an 
overall faecal coliform loading of only 46 colonies per 100 ml, in the range of 14 to 
117 colonies per 100 ml, which was the lowest during the entire 4 years of the 
study. This was a very encouraging sign from bacteriological performance from the 
slow sand filters . Table 5.4.9 shows the overall performances of the treatment plant, 
after each intervention from 1989 to 1992.
Table 5.4.9 Overall mean yearly percentage performances of the treatment plant 
and overall mean loadings - Dennery 1989 - May 1992
Turbidity Faecal Coliform
Year Intervention No. prefilter ssf prefilter ssf
(mtl) % (mtl) % (mfl) % (mfl) %
1989 1 (47 ) 60 (19) 68 (99) 34 (65) 66
1990 2 (13.8) 16 (11.6) 44 (117) 46 (63) 78
1991 3 & 4 (8.21) 21 (6. 5) 11 (88) 40 (54) 46.8
1992 (7.0 ) 9.5 (6. 4) 6 (46) 55 (21) 76
NB. (mti) - mean turbidity loading; (mfl)-mean faecal coliform loading
The evaluation of the Dennery treatment plant during the 4 years of study have 
realised an interesting development in the performance efficiencies, in 1989 the 
overall turbidity loading was the highest at 47 NTU. In 1992 the overall turbidity 
loading was almost 7 times lower than 1989, at 7 NTU.
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In comparing the performances at the beginning and at the end of the study in table 
5.4.9, a distinct correlation was observed in the overall loadings and the 
performance efficiencies. Prefilters achieved 60% in 1989, from an overall turbidity 
loading of 47 NTU and in 1992 achieved a 9.5% overall reduction from an mean 
turbidity loading of 7 NTU. There is strong positive correlation between the overall 
turbidity loadings and the overall percentage efficiency reduction in 1989 and 1992. 
For the prefilters the turbidity loading and the percentage reduction was almost 7 
times lower at 47 as against 7 NTU) and the performance efficiency 60% in 1989 & 
9.5% in 1992.
The slow sand filters in 1989 received an overall turbidity loading of 19 NTU, and 
achieved 68% performance efficiency. In 1992 the turbidity loading was 6.4 NTU 
and only achieved 6%. In this instance there is not a strong correlation for the slow 
sand filters . The overall turbidity loading was about 3 times lower in 1992 than in 
1989, whereas the percentage difference in reduction was 62 % higher in 1989. 
This meant that in 1989 the slow sand filters achieved higher proportional efficiency 
for turbidity reduction.
In 1989 the prefilter faecal coliform loading was 99 counts and achieved 34% and in 
1992 the overall faecal coliform loading to the prefilters was 46 colonies per 100 ml, 
and achieved 55%. In 1992, the p re filters overall faecal loading was more than 2 
times lower than in 1989 but achieved higher performance efficiency of about 21% 
overall for faecal coliform reduction. This overall improvement could be attributed to 
prefilter 2 and maturation.
The 2 slow sand filters in 1989 received an overall loading of 69 faecal conforms 
per 100 ml and achieved an overall performance efficiency of 66%. In 1992, the 
overall faecal coliform loading to the slow sand filters was only 21 colonies per 100 
ml but achieved 76% efficiency. In 1992, the slow sand filters achieved 10% higher 
performance efficiency for faecal coliform reduction than in 1989 although the 
overall loading was about 2 folds lower.
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The only other year in which the efficiency for the slow sand filleters was 
comparable was 1990, in which it was 78%, however the loading was 3 times 
higher at 63 faecal coliform per 100 ml. In 1991 the slow sand filters undergone 
physical changes, during this time, filter media was replaced and achieved an 
overall bacteriological performance efficiency of only 48.6 %.
In conclusion, the treatment plant in 1992 performed better bacteriologically in 
comparison to the overall loading during the study period. Regrettably 
performance efficiencies for turbidity removal by the slow sand filters dropped 
below that of the prefilters from 1991 and did not improve up to the end of May 
1992. Figures 5.4.11 and 5.4.12 show graphic overall annual performance 
efficiencies during the study period, from 1989 to 1992
The bacteriological performances efficiencies in figure 5.4.12 show distinct trends of 
performance after each intervention.
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6.0. Discussion and Conclusion
6.1 General objectives of the project
The preliminary study at Dennery Identified a major problem of turbidity overloading 
leading to failures in the treatment plant. Therefore the principal objectives of the 
project were to improve and protect the slow sand filtration works by a series of 
interventions and evaluations.
Traditionally the primary indicators of water treatment effectiveness have been 
turbidity and bacteriology. Reduction of turbidity and attainment of a defined 
turbidity level have been both the objectives of the treatment project and the 
evaluation tool of this thesis.
The slow sand filtration system can be a simple and economical treatment method 
for small water treatment plants in developing countries. This is true, when the 
system is properly designed and operated. This system may at some point in time 
replace the conventional (coagulation) treatment system which are sometimes 
uneconomical to operate but used in small community water supplies in the region, 
such as in Grenada. To ensure and maintain maximum efficiency from the slow 
sand filter plant, it is imperative that the turbidity loading does not exceed 10 NTU, 
for more than two to three days at any one time. Since it is extremely difficult to 
control the incoming turbidity therefore some form of pretreatment must be applied. 
The pretreatment method chosen could be one of the many types or even a 
combination of systems which were reviewed in chapter 2. In this thesis upflow 
filtration was studied as a pretreatment system to assess its suitability to be 
integrated as part of a slow sand filtration system for small rural community water 
supply in St.Lucia. Upflow filters may be designed to treat turbid water of almost 
any condition providing some basic design criteria are controlled.
A sub-objective of the project was to obtain a better understanding of the factors 
influencing performance. The factors considered are listed below.
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The efficiency of any filtration system depends primarily on four basic factors:
(1) flow rate
(2) concentration ( turbidity and suspended solids)
(3) type of suspended particles
(4) operational practices
6.2 General discussion of results
The interventions at the Dennery treatment plant took an unusual course of 
development as a longitudinal time series. Although some of the problems were ■ 
identified from the beginning of the project, others were realised well after some of 
the major interventions were implemented. For example, after the conversion of the 
sedimenter to the upflow filter, it became obvious that flow control chambers were 
required in order to improve the control of the slow sand filters. These early changes 
led on to the rest of the interventions as the project developed.
At the beginning of the study the prefilters operated at a flow rate higher than any 
researcher had previously reported (3.3 m / hr.). At this flow rate results were 
encouraging, considering that the highest flow rate used before was 1.5.m / hr.,by 
Di Bernardo (1988), and at the lower end of the scale Galvis (1992) used flow rates 
ranging from 0.3 to 1.0 m / hr., and Pardon (1989), 0.2 to 0.6 m / hr. Table 6.1.1 
shows the average unit treatment loading and the percentage reductions achieved 
compared with the work at Dennery.
The lower performance by the treatment units from Dennery was in keeping with the 
observations mentioned, where the performance efficiency is dependent on the 
number of treatment stages, and the loading, which is affected by the law of 
diminishing returns, it was observed in table 6.1.1 that in other studies the loading 
was always higher and in some cases several orders of magnitude. Thus another 
possible cause of the comparatively lower performance was that greater percentage 
removal is obtained with the highest level of turbidity and large suspended particles, 
whereas in this study turbidity was relatively low and suspended particles were 
small as was demonstrated in later phases.
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Table 6.1.1 Treatment unit loadings and percentage reductions
Average Turbidity Loading (NTU) Average Faecal coliform Loading per 100ml Researcher
Pretreatment (%) Pretreatment
Raw PF (%) Raw PF (%)
57 31 (46) 650 101 (84.5) Di Bernardo 1988
150 15 (90) 16000 1680 (89,5) Galvis 1992
197 28 (86) 860 246 (71) Pardon 1989
47 19 (60) 99 65 (34) Dennery 1989
13.8 11.6 (16) 117 63 (46) Dennery 1990
8.2 7 (21) 88 54 (40) Dennery 1991
7 6.4 (9.5) 46 21 (55) Dennery 1992
N.B. Dennery used one stage of préfiltration; Pardon (1989) used 3 stages and Galvis (1992) used 
2&3 stages of pretreatment.
Pardon (1989) observed that the efficiency of a filter is also dependent on the 
particle characteristics and that on average > 80 percent of the effluent particles are 
smaller than 5 micrometers. This implies that the percentage efficiency of the 
individual unit process improves after heavy rainfall where the majority of particles 
removed are larger than 5 micrometers. Particle size of less than 5 micrometers 
may be difficult to remove and will reduce the percentage efficiency of both 
pretreatment and the siow sand filtration process and other means of treatment may 
have to be considered. Removal efficiency may also be associated with the type 
and nature of the particles. These were classified into three groups [( mineral, 
(mineral + organic - agglomerates) and organic particles)] (Pardon, 1989). Further 
consideration of particle size is given later in this chapter.
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In Phase 1 the overall average turbidity loading no the prefilter in 1989 was 47 
NTU and achieved 60% reduction in spite of the high flow rate. The slow sand filters 
during the same period received an overall average turbidity loading of 19 NTU, 
and achieved an average 68% performance efficiency. The faecal coliform loading 
on the prefilters was 99 faecal colonies per 100ml and achieved 34% efficiency.
The slow sand filters received an overall faecal coliform loading in phase 1 of 65 
colonies per 100ml and achieved an overall average performance efficiency of 
66%. Whilst these performance efficiencies were reasonable the slow sand filters 
produced effluent turbidities ranging from 2 to 9 NTU and the overall level of 6 NTU, 
which was higher than the WHO criterion of < 5 NTU.
The non-compliance with the WHO guidelines in phase 1, was justification for the 
further development of the pretreatment units. However it seemed just as important 
to enhance the operations of the slow sand filters. The slow sand filters were 
designed to operate with one outlet control valve which was connected to the clear 
well {storage reservoir) through a float valve system. Because of this operation, 
when demand was at its peak the flow rate would exceed 0.3m/h and when demand 
decreased at night to almost zero flow, the filtration rate would be correspondingly 
low. The erratic flow through the filter bed was inconsistent with efficient 
performance. The biological predators which are responsible for some of the 
purification process live throughout the sand substrate and although mainly in the 
superficial layer they are affected by this inconsistency in flow (Lloyd, 1974). These 
organisms depend on constant food and oxygen supply which comes in with the 
flow of water. When the supply is reduced substantially or stopped they are 
adversely affected and consequently starved, hence reduced performance 
efficiencies will quickly follow.
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The installation of the flow control chambers in Phase 2 (December 1989) 
ensured the uniformity of the flow in the slow sand filters even when the demand 
was near zero. The flow control chambers allowed the slow sand filters to operate 
independently of the demand in the distribution system. The flow chamber was also 
equipped with an over flow to take way any excess water which may back up when 
the float valve shuts. Evaluation of phase 2 began in January and continued 
through to November 1990.
During this period the prefilter received an overall average turbidity loading of 13.8 
NTU, and achieved 16% reduction efficiency.
The prefilter and slow sand filters performed worse than in 1989 for turbidity 
removal and this may well have been due to reduced loading. During the year the 
slow sand filters received an overall average turbidity loading of 11.6 NTU, ranging 
from 3.3 to 20 NTU and achieved 44% reduction overall efficiency. This left the 
finished water with an overall turbidity level of 6.5 NTU ranging from 1.2 to 12 NTU, 
still above the WHO criteria of < 5 NTU. Bacteriologically the prefilter performed 
slightly better than in phase 1. The prefilter received an overall average faecal 
coliform loading of 117 coliform per 100ml ranging from 40 to 250 per 100ml and 
achieved 46% overall reduction
For the bacteriological control the slow sand filter did slightly better in 1990, but still 
did not attain the > 90% efficiency that slow sand filters are capable of achieving. 
The slow sand filters received an overall average faecal coliform loading of 63 
colonies per 100ml. Their overall performance efficiency ranged from 50 to 90%, 
and achieved an overall mean efficiency of 78%. The flow control chamber showed 
its usefulness only in the improved microbial control. It did not apparently contribute 
significantly to the improvement in turbidity quality.
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In December of the same year 1990, the second prefilter was constructed and 
Phase 3 evaluation studies began in January 1991. In 1991 the sand was also 
replaced in the slow sand filters, during June and July.
This meant that evaluation had to be done at intervals, before and after the 
resanding exercises. In January through to December 1991, when phases 3 and 4 
were being evaluated the overall average yearly turbidity was significantly lower 
than 1990. The average turbidity was 8.2 NTU in phases 3 (January to May) as 
against 13.8 NTU in 1990. The average raw water turbidity from January to May 
1991 was 6.92 NTU, and prefilter 1 achieved 28% and 31 % for prefilter 2, an 
overall efficiency of 30 %.
This was a significant improvement over phase 2 in spite of substantially lower
turbidity loading. This improvement was almost directly inversely proportional to the
reduced flow rate. The first prefilter in phase 3 produced a similar filtrate quality as
compared with phase 2, although performance was lower, whereas the second
prefilter performed better both in filtrate quality and percentage terms.
The slow sand filters for the same period received an overall turbidity loading of 
4.86 NTU, with slow sand filter 1 achieving overall efficiency of 19% and slow sand 
filter 2 achieving 16% , which gave an overall reduction in turbidity of 4.0 NTU 
ranging from 1.7 to 9.4 representing 17.5 % overall reduction efficiency. ( Tables 
5.3.1, 5.3.2 and 5.4.5)
The prefilters received an average bacteriological loading of 78.8 faecal coliform 
per 100ml, for the same period and achieved an overall reduction of 48.9% with 
prefilter 1 achieving 18.6% whereas the new prefilter 2 achieved 81.2%. The 
bacteriological reduction by the slow sand filters in phase 3 was lower, however the 
faecal loading was correspondingly lower. The overall average faecal loading was 
40.33 colonies per 100ml and achieved 38.7% efficiency overall mean reduction, 
with slow sand filter 1 achieving 36.4% and prefilter 2 achieving reductions of 48% 
respectively. (Tables 5.3 1 , 5.3.2 & 5.4.5)
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In the months of June and July 1991, the sand in the slow sand filters was replaced 
with new beach sand from Dennery. In August 1991, the prefilters were also 
topped up with grave! above the top water level, this was to reduce the algal growth 
and to stop the birds from contaminating the prefilters.
The following months from June to December in Phase 4 were therefore evaluated 
separately. The turbidity for these 7 months averaged 9.5 NTU to the prefilters, and 
prefilter 1 reduced its turbidity loading by 12 % and prefilter 2 by 13%, giving an 
overall performance efficiency of 12.5 %. ( Tables 5.4.3, 5.4.4 and 5.4.6)
Table 6.1.2 summarises the performance of the treatment plant in half yearly blocks 
from January 1991 to May 1992. The first block was from January 1991 up to the 
time that the sand in the slow sand filters was changed. The second block was 
during the sand change and up to the end of 1992. The third block was from 
January to May 1992. It should also be noticed that the period when the sand was 
changed (June to July) was also the time when the p re filters were capped with 
additional gravel; the overall plant performance was therefore expected to be 
■particularly poor during and following this period.
6.3 Turbidity removal in Phases 3 and 4
Considering turbidity removal first, it was noticed that there was substantial decline 
in the performance across all the units processes when one compares line 1) with 
line 2) in table 6..1.2, that is after changing the sand and disturbing the prefilters in 
July. Although this decline in performance could reasonably be attributed to 
disturbance in the early months the continued poor performance in 1992 line 3 
was more difficult to explain.
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There is no substantive improvement in turbidity removal in any of the units and 
prefilter 1 and slow sand filter 2 further declined to 4.3 % and 0 % performance 
respectively. The failure to improve cannot be attributed to low turbidity since the 
average loading for each of the three periods was very similar, 6.9 NTU in the first 
half of 1991, 9.5 NTU after the sand changed up to the end of 1991, and 7 NTU in
1992. The reason for the decline in performance should therefore be identifiable 
within the processes and their operation.
Considering the prefilters first; the most likely reason for their lower performance in 
the period (August 1991 through to May 1992) phases 3 and 4 was the progressive 
accumulation of silt within the prefilter to the point of saturation and breakthrough. 
This implies that the mechanism for cleaning was inadequate or not sufficiently- 
frequent. An intensive study of the distribution of the silt within the filter bed and 
washout is therefore required. The same problem of silt accumulation may also 
apply to the slow sand filter. This was further compounded by the fact that the new 
sand was not washed before replacing the old sand. The fact that the new sand 
grading was very fine may also be contributing to the turbidity leaving the slow sand 
filters. The changing of the sand had negative impact on turbidity removal and for 
the overall performance of the slow sand filters, whilst the additional gravel on the 
prefilter did not have much influence on the overall performance of the operations. 
The slow sand filters also performed poorly during phase 4 , receiving an overall 
average turbidity loading of 8.31 NTU and achieved reductions of 4.18 % by slow 
sand filter 1 and 5.7% for slow sand filter 2 giving an overali reduction efficiency of 
5%. ( Tables 5.4.3 , 5.4.4 and 5.4.6) The low turbidity loading had an important 
influence on the skimming frequency of the slow sand filters. The skimming 
frequency averaged 45 to 60 days depending on the turbidity loading between 
skimming which was influenced by the rainfall.
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6.4 Bacteriological Removal in Phases 3 and 4
The bacteriological performances after the sand was changed showed overall 
improvement efficiency. This may be partly attributed to the higher loading for both 
prefilters and slow sand filters. The prefilters received an overall faecal coliform 
loading of 97 colonies per 100ml. Prefilter 1 achieved 33 % and prefilter 2 achieved 
28.7%, whilst the slow sand filters received an overall faecal loading of 67 colonies 
per 100ml and achieved 55%. Slow sand filter 1 achieved 49% and slow sand 
filter 2 achieved 61% overall reduction efficiency. (Tables 5.4.3, 5.4.4 & 5.4.6 )
The most obvious and uniform increase in the bacteriological performance across 
all the units occurred in the 7 months period immediately following the change of 
sand and the 1992 study period (Table 6.1,2). This may be attributed to the slow 
maturation both in the slow sand filters and prefilters, and may have been 
particularly slow due to the oligotrophic (organic nutrient poor) nature of the water. 
The most difficult result to explain was the high performance of prefilter 2 in the first 
half of of 1991 ( phase 3). Since this was the first 6 months of operation by prefiiter 
2, the maturation argument breaks down, particularly since prefilter 2 outperformed 
(81.2%) prefilter 1 (18.6%).
Table 6.1.2 Individual unit, treatment performance efficiencies from January 1991 
to May 1992.
Turbidity (NTU) removal efficiencies (%)
Year Prefilter 1 SSF 1 Prefilter 2 SSF 2
1991
1) Phase 3 28 19 31 16
2) Phase 4 12 4.18 13 5.7
3) 1992 4.3 10 14 0
Faecal coliform removal efficiencies (%)
Year Prefilter 1 SSF 1 Prefilter 2 SSF 2
1991
1) Phase 3 18.6 36.45 81.2 48
2) Phase 4 33 49 28.7 61
3) 1992 50 74 61 78
NB. In line 2 prefilters w ere also disturbed and gravel added shortly after the sand change in the slow 
sand filters.
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Earlier In the thesis it was suggested that there was little correlation between 
turbidity and faecal removal in the slow sand filters. Table 6.1.2 goes further and 
suggests a negative correlation between performance for turbidity and faecal 
coliform removal. As turbidity removal efficiency declines , faecal coliform removal 
increases. This suggests an incompatibility between the removal mechanisms for 
each parameter in the slow sand filters, but this observation was made in the light of 
what may be special circumstances. These may include the fact that the turbidity 
was relatively low and mainly inorganic. The Dennery river catchment area is 
principally upland rain forest and tropical rainforest typically yields oligotrophic 
water which are defined as being low in nutrients, including low level dissolved and 
particulate organic. Such oligotrophic waters are unable to support high levels of 
micro-organisms and therefore microbial predators will be correspondingly lower 
and slow to colonize the slow sand filters. This may well explain the poor 
performance of the slow sand filters at high (inorganic) turbidity loadings. Where 
turbidity is lower better light penetration could allow algal growth and build up 
higher predatory populations which can also graze bacteria such as faecal 
conforms.
6.5 Influence of rainfall on turbidity levels
During the study period the average monthly turbidity loading was matched against 
the average monthly rainfall data collected from the meteorological service in St. 
Lucia. Figure 6.1.1 shows the annual average national rainfall data for 1984 to 
1991 and figure 6.1.2 shows the average monthly rainfall and the Dennery river 
turbidity levels for the 1989 - 91 period. Figure 6.1.1 shows that annual rainfall has 
declined progressively each year since 1987.
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The data In figure 6.1.2 shows that about 85% of the monthly values were in the 
rainfall range of 0 to 200 mm and in the turbidity range <5 to 20 NIL). Figure 6.1.3 
(a) shows a strong linear correlation (r= 0.649) between the average monthly raw 
water turbidity received at Dennery treatment work and the national monthly 
average rainfall for St. Lucia. In other words local turbidity was proportional to the 
amount of national rainfall across the ranges encountered. The correlation was 
therefore lower (r= 0.589) when the data were fitted to a curve Figure 6.1.3 ( b). This 
meant that the majority of observed data were in the linear range in which increased 
rainfall would be expected to produce higher turbidities. -Fortunately however, 
monthly rainfall rarely exceeds 500 mm per month even in the rain forest catchment • 
areas in the centre of the island. The central hilts of the island are, of course, the 
zones from which the greater portion of water and hence drinking water, originates 
as shown in figure 3.1.1 The Dennery river catchment area has suffered some 
deterioration but this was really minor compared with other areas of the island. It 
may be deduced that for more degraded catchments, when their turbidity versus 
rainfall graph are plotted, the slope of the plot will be steeper than in Figure 6.1.3. 
This relationship is therefore likely to be valuable in the future assessments of the 
vulnerability of other catchment areas to deterioration.
The current data suggest that even with very high monthly rainfall (500 mm) the 
monthly average turbidity in a well forested catchment does not significantly exceed 
35 - 40 NTU, whereas in badly degraded catchments it is likely to be significantly 
higher. Intensive study of other more degraded catchments is therefore essential. 
Such studies are likely to demonstrate that soil saturation following high rainfall 
results in land slips which produce an upward curve rather than the linear 
relationship observed at Dennery.
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6.6 Compliance with water quaiity guideiines for Turbidity
During three years of the study period the slow sand filters achieved a mean 
compliance level of about 62 % with respect to the WHO quality guideline for 
turbidity {<5 NTU). The remaining 38% of turbidity results which did not meet the 
compliance target could be due to the fact that the particles were mainly colloidal 
and would be difficult to cope with by the slow sand filters particularly because of 
the high filtration rate (0.2 to 0.3m/h) as compared to 0.1 to 0.15m/h (Galvis et. al., 
1991). Table 6.1.3, summarises the average monthly rainfall against the 
percentage reduction efficiency and percentage compliance for the same period.
The data gathered from the work done at Dennery show that the interventions have 
not produced as great an improvement as hoped for. As was demonstrated in table 
6.1.3, to achieve up to 80 and 90% reductions consistently, and to produce 100 % 
compliance of < 5 NTU from the slow sand filters was difficult under the 
circumstances described. There were possible causes for the noncompliance:
(a) the prefilters and slow sand filters before and even after the interventions were 
operated under very poor conditions, because the operator continued to switch on 
and off the filters to cope with the demand, (b) the finely colloidal turbidity 
penetrated and passed through the prefilters and slow sand filters, (c) a high flow 
rate on the prefilters caused overload of the slow sand filters.
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Table 6.1.3 Monthly rainfall, average monthly turbidity loading on ssf, monthly % 
efficiency and monthly % compliance after filtration (1989 - 1991).
1989 1990 1991
Mon. R/fall (mm) T  L %Eff % Com. R/fail(mm) T  L %Eff % Com. R/fall(mm) TL %Eff %Com.
Jan 142 14 91 47 85 10 9.8 35
Feb. — — — 42 4.3 18.5 70
Mar 25 3.2 5.4 89 51 4.39 40.5 100
Apr. 38 7 43 73 81 3.38 4.95 95
May 138 9 22 62 33 2.16 14.38 95
Jun 98 11 36 50 22 2.35 13 90
Jul 322 15 87 100 126 18 50 40 112 4.7 17.8 94
Aug. 224 13 39 44 ' 161 10 40 55 65 7.18 1.5 62
Sep. 480 32 -93 20 164 18 33 23 94 6 25 60
Oct. 103 14 36 61 290 20 45 56 36 9.45 3.6 66 .
Nov. 138 12 33 61 84 6 17 50 512 21.2 0 0
Dec. 101 13 46 85 109 — — 92 121 6.5 28 38
Average 228 16.5 55.6 62 125 11.6 38 58 104 7 15 67
Key ; Mon.- Months; R/fall- Rainfall; TL- Turbidity Loading; Eff- Efficiency; Com. - Compliance (mean compliance 
level 62%)
The data in table 6.1.3 were analysed in the following categories:
a) turbidity between 1 to 5 NTU, loading on the slow sand filters
b) turbidity between 5 to 10 NTU, loading on the slow sand filters
c) turbidity between 10 and > 20 NTU, loading on the slow sand filters 
and the following associations were observed.
a) When turbidity was between 1 and 5 NTU the efficiency of the slow sand 
filters was < 50% but the compliance level was >90%, with rainfall <100 mm.
b) When turbidity was between 5 and 10 NTU, the efficiency was just about 
40% and the compliance level dropped to < 60%, with rainfall <150 mm.
c) When the turbidity was > 10 NTU, the efficiency increased to >80% and 
compliance level was < 40%, with rainfall >150 mm.
It should be emphasised here that high compliance level does not mean zero 
turbidity, it only means that the turbidity was below the WHO criteria of <5 NTU. It 
should also be noted that these data confirm the need to ensure that turbidity 
loading on the slow sand filters must be less than 10 NTU.
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An important feature of this research development was the insight in the removal 
performance of each treatment process and the application of the maximum flow 
rate through the roughing filter. A long standing scenario has been that the 
roughing filter removes the bulk of the particles, allowing the slow sand filters to 
function more efficiently. This is true if the particles are large enough and in 
sufficient concentration to be affected by the prefilter. A well operated slow sand 
filter is capable of reducing turbidity to below 1 NTU, however this has not proven to 
be the case at Dennery.
The slow sand filter produced effluent turbidity at Dennery ranging from 1.2 NTU to 
24 NTU for the entire study period. It was observed that the new sand had a 
substantial amount of fine sand (7%) by weight smaller then 0.1 mm. This was a 
possible cause of the apparent poor performance of the slow sand filters because 
the sand was used without washing and may have been leaching the fines. There 
are two possible recourses to correct this problem (a) washing of sand; (b) 
allowing the leaching to continue until most of the fine material washes itself out. 
The latter was considered, since there was no cost and the health risk was minimal. 
The possibility that a slow sand filter should be able to produce effluent turbidity < 1 
NTU and Zero coliform has been repeatedly emphasized by every one involved in 
slow sand filtration work. Undoubtedly, this statement is true if the influent ( raw 
water) quality remains consistent and the pretreatment process are adequate. Any 
variation in raw water quality may be reflected in the effluent of each treatment 
process. The results of the operations at Dennery was a clear indication that 
influent quality was of paramount importance in influencing performance, and the 
number and type of processes required including the final treatment process 
(disinfection).
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Figure 6.1.4 Hypothetical removal of turbidity by prefilters and slow sand filters
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The influence of pretreatment on terminal disinfection was another fundamental 
consideration and the subject of a research report funded by ODA R4629.
It was often observed that even when the incoming raw water turbidity was lower 
than 5 NTU, the turbidity leaving the treatment units ( prefilter or slow sand filters) 
was higher than the raw water or the water at the preceding the sampling point.
This strange occurrence may be best examined through the following hypothesis. 
After heavy rain the raw water arrives at the plant with a turbidity of say 150 (NTU). 
The flow rate of the prefilter was 1.4 m / hr., at this rate the water will take about (1.5 
hr.) to pass through the prefilter.
Assuming that the prefilter performs sub optimally by removing 50% turbidity on 
average, then the turbidity entering the slow sand filters 1.5 hr. later will have 
turbidity of 75 (NTU). This turbidity loading will be reflected in the effluent of the 
slow sand filters about 10 hr., later. Again assuming the slow sand filter performs 
sub optimally at say 50%, this would reduce the turbidity to 38 (NTU). This theory 
explains in part some of the reasons why at times the raw water turbidity was lower 
than the effluent from the slow sand filters. The only way one can ascertain this 
occurrence is to have a twenty four hour monitoring programme. Figure 6.1.4 
shows a hypothetical graph of the raw water and effluents after a short intensive 
rainy period.
Another possible cause of the poor performance of the treatment process was the 
particle size. This was examined using a filterability test. Confirmation of the 
particle size may be observed in the filterability analysis which is dealt with in the 
following section . Particles characterisation has been ably reviewed by (Pardon, 
1989). The author of this thesis has attempted to compare his own observations 
with those of Pardon (1989) through the filterability technique.
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6.7 The Filterability Test.
An important aim of prefiltration and slow sand filtration in series is to reduce the 
turbidity of a water to less than 1 NTU in order that disinfection can be effective. The 
turbidity of the raw water must be reduced by each step in the water treatment 
process to render it suitability for the next stage of treatment. The required degree 
of the reduction for each step of treatment has already been discussed in an earlier 
section . It is generally recommended that water entering a slow sand filter should 
have turbidity level less than 10 NTU continuously.
However it is hard to predict from the turbidity analysis alone whether a water will be 
treated sufficiently and efficiently by each filtration stage. Therefore a scientific 
approach has to be adopted in order to design a more efficient filtration system. 
One such approach is to assess the ‘ filterability’ of the water on a routine basis. 
According to the Metropolitan Water Board reports 1965 to 1973 this test was first 
used by Houston,(1923)., and was later modified by (Pearsall et. al., 1946). The 
filterability test is a quick and convenient te s t, which will indicate how the raw water 
may affect the filter. It can also indicate the percentage of particles that are allowed 
to pass through a particular pore size due to its size at a given time and rate.
Simplified (non standard) Procedure for Fiiterability
The following method was devised specifically for this project. The procedure used 
a constant pressure vacuum hand pump to filter water samples through a 0.45 
micrometer Millipore membrane filter. This pumped approximately 15 ml per stroke. 
The pump is connected to a membrane filter holder. A hand wrist watch was used 
for timing and the vacuum controlled (5 psi). As a blank control two 100 ml samples 
of very low turbidity (distilled water) were filtered through the membrane filter. The 
time taken for these samples to pass through was measured and the average 
calculated.
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The raw water was then filtered, using the same membrane filter and the time taken 
for 100 ml to pass was noted. The ratio is calculated.
This was done by dividing the sample time over the average blank time and 
multiplied by 100. This value is the f ilte ra b ility  index number. A small index 
number of <300 indicates a turbidity of below 5 NTU, where as a number above 300 
has a high turbidity level. The turbidity of the sample before and after filtration was 
measured. This method shows how long the sample will take to pass through the 
filter and whether the raw water contains large particles which block the filter.
The turbidity of the sample after filtration gives an indication of the percentage of the 
turbidity that is likely to pass through the slow sand filter. Particles passing through 
a 0.45 micrometer membrane filter is considered finely colloidal and may be difficult 
to treated by the slow sand filters. The analysis In table 6.1.4 shows that the 
samples analysed were In the turbidity range of 1.9 to 54 NTU before filtration. After 
filtration the samples were analysed again and were found to be in the turbidity 
range of 0.05 to 2.1 NTU.
Table 6.1.4 Filterability data
Data Raw Turtj. Blank 1 Blank 2 Avge 81k Sample Time Index No. Filtered Turb % of Tur < 5
1 90.11.07 4.80 32.10 31.59 31.85 29.32 92.05 2.10 43.75
2 90.12.0S 15.00 55.53 61.01 58.27 497,51 853.80 1.40 9.30
3 91.01.15 3.10 26.14 26.05 26.10 27.46 105.20 1.60 51.60
4 91.03.12 15.00 66.45 61.84 64.14 594.59 927.01 0.64 4.00
5 91.03.14 3.30 52.61 53.16 52.38 64.91 122.75 0.54 16.38
G 91.03,15 3.60 68.98 70.04 69.51 79.05 113.72 0.51 14.00
7 91.03.18 3.00 34.26 34.90 34.60 35.62 102.90 0.52 17,30
8 91.03.19 3.50 34.43 35.33 34.88 38.31 109.83 0.05 1.40
•9 91.03.21 54.00 29.73 29.35 29.54 1260.00 883.10 0.29 0.53
1 0 91.03.22 2.50 30.55 31.24 30.90 36.86 119.29 0.40 16.00
11 91.03.26 2.40 34.07 34.66 34.36 38.87 113.20 0.34 14.00
12 91.03.26 2.10 33.94 33.75 33.84 36.25 107.12 0.36 17.00
13 91.04.08 4.90 35.03 35.65 35.34 91.78 259.70 0.59 10.00
14 91.04.10 2.80 33.81 34.07 33.94 44.31 130.02 0.49 17.30
1 5 91.04.12 7,30 30.90 31.91 31.41 159.21 506.21 0.99 13.60
1 6 91.05.13 2.60 52.50 52.72 52.61 56.90 108.15 0.32 12.30
17 91.05,15 1.90 57.97 58.87 58.42 61.91 105.97 0.46 24.20
1 a 91.08.12 8.00 61.56 62.03 61.80 1015.91 1643.87 1.00 12.50
1 9 
20
91.08,15 .2 .30 48.44 49.47 48.96 59.72 122.00 0.58 25.20
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Pardon (1989) pointed out that in raw water in Peru, about 60% of microscopically 
countable particles were in the range 1 - 2 micrometers. The remainder (> 37%) 
were in the size range 2 - 50 micrometers. Three stage prefiltration will remove 90 
- 100 % of the particles in the size range 5 - 50 micrometers. However Pardon did 
not have the facilities to examine finely colloidal particles of less than 1 micrometer. 
The raw water data from Dennery demonstrate that in the turbidity range <5 - 55 
NTU a significant proportion of the turbidity was less than 0.45 micrometers. (Table 
6.14 ). At low turbidities of less than 5 NTU, greater than 10% of the turbidity was 
less than 0.45 micrometers in diameter, whilst according to Pardon another 80 to 90 
% is likely to be in the range 1 - 5 micrometers. It follows that lower turbidity raw 
water in St Lucia is particularly difficult to filter because it is primarily mineral and 
finely colloidal, (figure 6.1.5).
In Phase 1 the study at Dennery demonstrated that with high turbidity loading ( 
mean 47 NTU) relatively high efficiency was obtained, 60% overall, in spite of high 
prefilter flow rate. In March of that year the average turbidity loading for the month 
was 182 NTU and 80% removal was achieved. Whereas with progressively lower 
loading in subsequent years performances declined. Phase 1 was characterised by 
generally higher turbidities which would normally be associated with higher 
performance efficiencies because a high proportion of the particles are greater than 
several micrometers in diameter and therefore easier to remove. Taking the 
overall plant performance the removal efficiency by filtration both (PF and SSF) 
was 87% for phase 1.
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The 13% remaining, passing into the clearweil, must be assumed to be colloidal. 
When the data for filterability are examined it can be calculated that 16.7% of the 
turbidity of the raw water was below 0.45 micrometers ie, a very sim ilar proportion 
to that which was not removed by the filtration plant. It is thus clear that a further 
substantial fraction must be in the colloidal range (< 5 micrometers in diameter) 
and when raw water turbidity is low this might reasonably be between 50 to 90% of 
the total. This would explain why the filters performed poorly under low turbidity 
loading and the fact that the proportion of finely colloidal turbidity increases when 
raw water turbidity is reduced, as demonstrated in Figure. 6.1.5.
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Figure 6.1.5 Raw water turbidi ty and %  of part icles < 0.45 um Dia.
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St. Lucia is of volcanic origin, and a substantial part of the turbidity in the rivers 
derive from volcanic friable (soft) tuffs which make up a large proportion of the 
geology of St. Lucia. The turbidity from this geological source would appear to be 
largely colloidal in nature and this problem of colloidal material which is difficult to 
filter has been reported in other areas of the region including the Central American 
state of Honduras (Morris & Chilton, BGS personal communication to Lloyd 1992). 
With water constantly flowing over these exposed soft rocks and thin forest soil, the 
dislodged particles and soil are likely to be low in organic content with relatively few 
particles of larger size. The large particles are easily removed by physical means •• 
and slow sand filtration, while the colloidal minerals may be difficult to remove and 
are best removed by chemical coagulation which is outside the scope of this thesis.
A number of factors have been considered as the possible cause of the poor 
performance of the slow sand filters throughout the study. One other factor is the 
nutrient content of the water, it was suggested that the water may be “thin” [ 
Graham (1991) personal communication]. Thin water is considered to be “ 
oligotrophic”, thick water is “ eutrophic". Thin water ( oligotrophic) is nutrient poor, 
which could be minerally or organically poor. Evidence that the water from 
Dennery is minerally poor was the conductivity level. Conductivity is the measure 
of the ability of the water to conduct an electrical current. This is sensitive to 
variation in dissolved solids, mainly the mineral salts. These dissolved salts 
include, chloride, sodium sulphates calcium and calcium carbonate. The 
concentration of these salts in solution and temperature of the solution will have an 
influence on conductivity. The conductivity from the Dennery water < 300 micro 
Siemen (mS/cm^). Minerally rich water should have conductivity > 500 
microSiemen (mS/cm^).
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Oligotrophic water will support less life ( Hem, 1989) than eutrophic water.
Hence the poor colonization by biological predators which are so important for 
biological treatment in slow sand filters (Lloyd, 1974). These predators which live 
in the sand substrate, depend on the nutrient in the incoming water for survival. It is 
their survival which is partly responsible for the purification.
Of course there are other phenomenan involved in the purification process which 
have already been reviewed in chapter 2.
One suggestion which was mentioned to increase biological activity was to dose the 
filters with organically rich water at short intervals and monitor the efficiency but it 
was not considered appropriate on ethical criteria.
6.8 Conclusions
1. The principle experimental problem encountered in this study has been of 
introducing interventions into an operational system which supplies water to an 
entire community. It was not possible to interrupt supply for the convenience of the 
study and this fact dictated that interventions had to be introduced sequentially. In 
retrospect it would have been better to have installed model pilot plants alongside 
the full scale system in order to more rapidly evaluate a series of interventions. This 
approach should be introduced in pursuance of the general objective of research 
projects and for the overall improvements of treatment plants performance.
2. For operational reasons at Dennery, for example, it was not possible to reduce 
the flow on one filter and increase it on the other in order to assess the efficiency of 
the reduced flow, because it might have unstabilized the filter operations. 
Therefore, this supports the need for adaptation of treatability tanks to investigate 
performance on a pilot scale before initiating full operations.
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It is the firm belief of the author that such an approach will, in the future, provide the 
treatment plant designer with the relevant information to assist in the appropriate 
design for a particular raw water quality.
3. The development of pretreatment over the past few years and in particular this 
last four years 1989 to 1992, have provided some answers to at least two 
fundamental questions. Questions such as the maximum flow rate and number of 
treatment stages. Di Bernardo (1988) experimented with a maximum flow rate of 
1.5 m/hr., and achieved overall performance efficiencies of 46% for turbidity and 
84.5% for faecal coliform reductions. The Dennery project started in 1989 with a 
flow rate of 3,3 m/hr., and achieved overall performance efficiencies of 60% for 
turbidity and 44% for faecal coliform reduction. In 1991 after all interventions were 
implemented , prefilter 1 operated at a flow rate of 1.4 m/hr., and achieved 50 % 
overall reduction for faecal coliform. Prefilter 2, operated at a flow rate of 1,3 m/hr., 
and achieved an overall performance efficiency of 61% for faecal coliform. From 
the above data it can be concluded that 1.5 m/hr., is probably the maximum useful 
flow rate which can be tolerated by the gravel prefilter.
4. One of the fundamental design criteria for prefilters is that they should achieve at 
least 80% efficiency. This criterion applies only for a single unit if the peak turbidity 
loading is less than 50 turbidity units. If the peak turbidity loading is higher than 50 
turbidity units, then the multi - stage pretreatment must be applied. The number of 
units required would depend on the peak loading, which could range from 2 to > 3 - 
stage treatment in series.
5. In cases where land space is in great demand, either for development or 
agriculture or simply not available, one has to consider the economic viability of the 
project as against other proposed projects for the area. This is crucial because a 
prefilter may require land area almost the same size as the slow sand filter itself, 
depending on the design filtration rate and the number of units required. Apart from 
these negative aspects, the positive benefits may far out way the negative.
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It has been established that pretreatment is essential as an integrated part of slow 
sand filtration system.
6. Whilst the Dennery project may not have achieved its overall objective, 
nonetheless the results show that there is potential for further research 
development. Areas of further research should include : (a) protection of catchment 
areas, this should be done in conjunction with government departments 
responsible for lands in the respective countries, such as, ministry of agriculture, 
ministry of health and water agencies, (b) optimisation of flow rates, filter media and 
operational maintenance.
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Appendix 1 
Phase 1 and results
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July 89 data Sun, Aug 2. 1992 8:04 am
Date Raw Tur. PF Tur. SSFs Tur. Raw Bact PF Bact. SSFs Bact.
1 1 . 7 . 8 9
2 2 . 7 . 8 9
3 3 . 7 . 8 9
4 4 . 7 . 8 9
5 5 . 7 . 8 9
6 6 .7 . 8 9
7 7 . 7 . 8 9 2 5 . 0 0 0 24 .0 0 0 1 .200 5 .0 0 0 2 .0 0 0 0 .0 00
8 8 .7 . 8 9
9 9 . 7 . 8 9
1 0 •10 .7 .8 9 1 8 .0 00 15 .000 1 .500 1 2 .0 0 0 4 .0 00 1 .000
1 1 1 1 .7 . 8 9 1 0 .2 00 7 .1 00 2 .5 0 0 0 .0 0 0 0 .00 0 0 .0 00
1 2 1 2 .7 . 8 9
1 3 1 3 .7 . 8 9
1 4 1 4 .7 . 8 9
1 5 1 5 .7 . 8 9
1 6 16 .7 . 8 9
1 7 1 7 .7 . 8 9 3 1 . 0 0 0 27 .0 0 0 2 . 5 0 0 0 .0 0 0 0 .00 0 0 .0 00
1 8 18 .7 . 8 9 2 6 .0 0 0 1 6 .00 0 1 .400 2 .0 0 0 1 .000 0 .0 00
1 9 1 9 .7 . 8 9
20 2 0 . 7 . 8 9 5 .0 00 5 .0 00 3 .3 0 0 1 .0 00 1 .000 0 .0 00
21 2 1 . 7 . 8 9 5 .0 0 0 3 .0 0 0 3 .0 0 0 14 .0 0 0 0 .0 00 0 .0 00
2 2 2 2 . 7 . 8 9
23 2 3 . 7 . 8 9
24 2 4 . 7 . 8 9 2 2 . 9 0 0 19 .000 1 .300 5 .0 0 0 2 .0 00 0 .0 00
2 5 2 5 . 7 . 8 9 16 .6 00 15 .0 00 1 .300 3 2 . 0 0 0 6 .0 00 , 3 .0 0 0
2 6 2 6 . 7 . 8 9
2 7 2 7 . 7 . 8 9
2 8 2 8 . 7 . 8 9 2 2 . 9 0 0 19 .0 00 1 .600 3 5 . 0 0 0 17 .0 00 4 .0 0 0
29
3 0 Total 1 8 0 .0 0 0 15 0 .0 0 0 1 9 .6 00 10 6 .0 0 0 3 3 .0 0 0 8 .0 00
3 1 Average 1 8 .0 00 1 5 .00 0 1 .90 0 10 .6 0 0 3 .3 00 0 .8 0 0
3 2 % Reduction 17 .000 8 7 .0 0 0 69 .0 0 0 7 6 .0 0 0
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August 89 data Sun, Aug 2, 1992 8:08 am
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .8 . 8 9 3 1 . 0 0 0 3 0 . 0 0 0 3 .1 0 0 7 5 .0 0 0 4 5 . 0 0 0 1 .000
2 2 . 8 . 8 9
3 3 . 8 . 8 9 16 .3 0 0 1 4 .5 00 8 .6 0 0 1 0 0 .0 0 0 5 0 . 0 0 0 12 .0 00
4 4 . 8 . 8 9 7.600 7 .2 0 0 6 .5 0 0 15 .0 0 0 5 .0 0 0 0 .0 00
5 5 .8 . 8 9
6 6 . 8 . 8 9
7 7 . 8 . 8 9
8 8 . 8 . 8 9 2 0 . 3 0 0 9 .0 0 0 3 . 0 0 0 7 .0 00 5 .0 0 0 2 .0 0 0
9 9 .8 . 8 9 7 . 5 0 0 6 .5 0 0 5 .3 0 0 1 .0 00 0 .0 0 0 0 .0 00
1 0 10 .8 . 8 9 4 .6 0 0 4 . 2 0 0 3 .6 0 0 1 5 .0 0 0 15 .0 0 0 4 .0 0 0
1 1 11 .8 . 8 9 3 . 7 0 0 3 .4 0 0 3 .1 0 0 2 0 . 0 0 0 14 .0 0 0 2 .0 0 0
1 2 12 .8 . 8 9
1 3 1 3 .8 . 8 9
1 4 1 4 .8 . 8 9 14 .3 0 0 11 .5 0 0 1 1 .3 0 0 3 5 . 0 0 0 2 7 . 0 0 0 15 .0 00
1 5 15 .8 . 8 9 7 .7 0 0 7 .5 0 0 6 .6 00 3 .0 0 0 7 .0 00 5 .0 0 0
1 6 16 .8 . 8 9 8 .0 0 0 7 .8 0 0 7 .7 0 0 17 .0 0 0 6 .0 0 0 3 .0 0 0
1 7 1 7 .8 . 8 9
1 8 1 8 . 8 . 89 1 6 .0 0 0 12 .5 0 0 12 .0 0 0 3 3 . 0 0 0 2 5 . 0 0 0 17 .0 00
1 9 19 .8 . 8 9
20 2 0 .8 . 8 9
21 2 1 . 8 . 8 9 2 .7 0 0 2 .6 0 0 2 .4 0 0 3 8 . 0 0 0 17 .0 0 0 1 .000
2 2 2 2 . 8 . 8 9 2 . 7 0 0 2 . 6 0 0 2 .5 0 0 10 .0 0 0 4 .0 0 0 2 .0 00
23 2 3 .8 . 8 9
2 4 2 4 ,8 . 8 9 4 .1 0 0 3 .0 0 0 2 . 5 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 22 .0 0 0
25 2 5 . 8 . 8 9 18 .7 0 0 16 .90 0 2 .5 0 0 6 4 . 0 0 0 4 5 . 0 0 0 ■ 2 5 .0 0 0
26 2 6 .8 . 8 9
2 7 2 7 . 8 . 8 9
28 2 8 .8 . 8 9 16 .6 0 0 9 .9 0 0 9 .9 0 0
29 2 9 .8 . 8 9
3 0 3 0 .8 . 8 9 5 6 .8 0 0 53 .3 0 0 21 .600 3 0 0 . 0 0 0 3 0 0 . 0 0 0 15 .000
31 3 1 . 8 . 8 9 3 7 . 0 0 0 3 3 . 3 0 0 3 0 . 5 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 15 .0 00
32
3 3 Total 2 7 5 . 6 0 0 2 3 5 . 7 0 0 1 4 2 .7 0 0 1 3 3 3 .0 0 0 7 2 0 . 0 0 0 5 4 .0 0 0
3 4 Average 15 .3 0 0 13 .0 0 0 7 .9 0 0 7 4 .0 0 0 4 0 . 0 0 0 3 .0 0 0
3 5 % Reduction 1 5 .0 0 0 3 9 . 0 0 0 4 6 . 0 0 0 9 3 .0 0 0
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Septem ber 89 data Sun, Aug 2 . 1992 8:10 am
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .9 . 8 9
2 2 . 9 . 8 9
3 3 . 9 . 8 9
4 4 . 9 . 8 9 13 .0 00 1 2 .4 0 0 12.3 1 0 .0 00 13 .00 0 7 .0 00
5 5 . 9 . 8 9
■ 6 6 . 9 . 8 9 6 .8 0 0 5 .0 0 0 4.5 3 0 . 0 0 0 25 .0 0 0 9 .0 00
7 7 . 9 . 8 9
8 8 .9 . 8 9 13 .8 00 9 .2 0 0 4.6 2 0 . 0 0 0 15 .000 7 .000
9 9 . 9 . 8 9
1 0 10 .9 . 8 9
1 1 1 1 .9 . 8 9
1 2 12 .9 . 8 9
1 3 13 .9 . 8 9
1 4 1 4 .9 . 8 9
1 5 1 5 .9 . 8 9
1 6 16 .9 . 8 9
1 7 1 7 .9 . 8 9
1 8 18 .9 . 8 9
1 9 1 9 .9 . 8 9 1 8 .8 00 18 .3 00 17.8
2 0 2 0 . 9 . 8 9
21 2 1 .9 . 8 9 2 4 . 5 0 0 2 1 . 8 0 0 15 7 5 .0 0 0 4 0 .0 0 0 3 .0 0 0
2 2 2 2 . 9 . 8 9 3 9 . 0 0 0 3 8 . 4 0 0 27 12 .0 00 1 7 .00 0 9 .0 0 0
23 2 3 . 9 . 8 9
2 4 2 4 .9 . 8 9
2 5 2 5 . 9 . 8 9 3 9 . 3 0 0 3 7 . 1 0 0 14.5 0 .0 0 0 0 .0 00 . 0 .0 00
2 6 2 6 .9 . 8 9 4 4 .4 0 0 37.1 00 10.6 5 .0 00 7 .0 00 2 .0 00
2 7 2 7 .9 . 8 9
28 2 8 . 9 . 8 9 4 2 . 0 0 0 4 1 . 5 0 0 38 .3 3 3 .0 0 0 2 7 .0 0 0 1 6 .0 00
29 2 9 . 9 . 8 9 4 2 . 0 0 0 2 6 . 4 0 0 25 .5 5 .0 00 12 .00 0 7 .0 00
3 0
31 Total 3 6 0 . 0 0 0 3 2 0 . 0 0 0 21 3 3 0 . 0 0 0 2 7 0 .0 0 0 7 0 .0 0 0
3 2 Average 3 6 . 0 0 0 3 2 . 0 0 0 2.1 3 3 . 0 0 0 2 7 .0 0 0 7 .0 00
3 3 %  Reduction 1 1 .000 93 1 8 .0 00 74 .0 0 0
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October 89 data Sun, Aug 2, 1992 8:12 a
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .1 0 .8 9
2 2 .1 0 . 8 9
3 3 . 1 0 . 8 9
4 4 . 1 0 . 8 9
5 5 .1 0 . 8 9 7 .3 8 0 7 .0 0 0 5 .6 0 .0 0 0 0 .0 00 0 .000
6 6 . 1 0 . 8 9 5 .3 70 4 .9 0 0 4 .4 1 2 .0 00 17 .000 7 .0 00
7 7 .1 0 . 8 9
8 8 .1 0 . 8 9
9 9 .1 0 . 8 9
1 0 10.10.89 6 .1 80 4 .8 7 0 3 .3 4 .0 0 0 2 .0 00 1 .000
1 1 1 1 .1 0 . 8 9 2 8 . 8 7 0 2 3 . 5 8 0 3 . 6 8 0 .0 0 0 0 .0 00 0 .0 00
1 2 12 . 1 0 . 8 9 3 2 . 0 0 0 2 8 .0 0 0 2 6 .1 2 1 0 0 .0 0 0 40 . 0 0 0 3 3 .0 0 0
1 3 1 3 .1 0 . 8 9 2 9 .8 7 0 3 4 . 4 0 0 17 .2 5 0 .0 0 0 0 .0 00 0 .0 00
1 4 1 4 .1 0 . 8 9
1 5 15 . 1 0 . 8 9
1 6 1 6 .1 0 . 8 9 9 .0 80 8 .9 00 8 .65 4 0 . 0 0 0 3 5 . 0 0 0 8 .0 00
1 7 1 7 .1 0 . 8 9 2 2 . 8 5 0 1 4 .5 00 4 .7 1 6 .0 0 0 12 .000 4 .0 00
1 8 1 8 .1 0 . 8 9 12 .6 6 0 5 .4 40 4 .4 50 .0 0 0 20 .0 0 0 8 .00 0
1 9 1 9 .1 0 . 8 9 4 .3 0 0 3 .6 6 0 3 .4 6 3 3 . 0 0 0 27 .0 0 0 2 1 .0 0 0
20 2 0 . 1 0 . 8 9 5 .0 0 0 3 .3 0 0 3 18 .0 0 0 1 5 .0 00 2 .0 00
21 21.1 0 .89
22 2 2 . 1 0 . 8 9
23 2 3 . 1 0 . 8 9 4 .8 0 0 3 .3 7 0 3 .3 6 1 0 0 .0 0 0 70 .0 0 0 15 .0 00
24 2 4 . 1 0 . 8 9 5 .6 60 4 .5 3 0 4 5 0 .0 0 0 4 5 .0 0 0 . 3 0 .0 0 0
25 2 5 . 1 0 . 8 9 7 .0 00 5 .7 0 0 4 .4 7 4 5 . 0 0 0 3 3 .0 0 0 ■ 2 0 .0 0 0
26 2 6 . 1 0 . 8 9 6 .2 5 0 5 .4 20 4 .3 5 1 0 0 .0 0 0 2 5 .0 0 0 1 5 .0 00
27 2 7 .1 0 . 8 9 3 2 . 1 2 0 2 7 .0 0 0 8 .7 3 0 0 . 0 0 0 3 0 0 . 0 0 0 1 0 0 .0 0 0
28 2 8 . 1 0 . 8 9
29 2 9 . 1 0 . 8 9
30 3 0 . 1 0 . 8 9 3 7 . 0 0 0 3 6 .0 0 0 2 2 . 3 7 3 0 0 . 0 0 0 3 0 0 . 0 0 0 2 5 .0 0 0
31 3 1 . 1 0 . 8 9 3 4 . 0 0 0 2 8 .5 0 0 2 7 1 0 0 . 0 0 0 70 .0 0 0 3 5 .0 0 0
3 2
33 Total 2 8 8 . 0 0 0 2 5 2 .0 0 0 1 62 2 7 0 0 . 0 0 0 1 2 6 0 .0 0 0 4 5 0 .0 0 0
3 4 Average 1 6 .0 00 14 .00 0 9 1 5 0 .0 0 0 7 0 .0 0 0 2 5 .0 0 0
3 5 % Reduction 1 2 .0 00 3 6 5 3 .0 0 0 64 .0 0 0
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Novem ber 89 data Sun, Aug 2. 1992 8:14 a ir
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 . 1 0 . 8 9
2 2 .1 0 . 8 9
3 3 . 1 0 . 8 9
4 4 . 1 0 . 8 9
5 5 . 1 0 . 8 9 7 .3 80 7 .0 0 0 5 . 6 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
6 6 .1 0 . 8 9 5 .3 70 4 .9 0 0 4 . 4 0 0 17 .0 0 0 12 .0 0 0 7 .0 0 0
7 7 .1 0 . 8 9
8 8 .1 0 . 8 9
9 9 .1 0 . 8 9
1 0 10.10.89 6 .1 80 4 .8 7 0 3 . 3 0 0 4 .0 0 0 2 .00 0- 1 .000
1 1 1 1 .1 0 . 8 9 2 8 .8 7 0 23 .5 8 0 3 . 6 8 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
1 2 1 2 .1 0 . 8 9 3 2 . 0 0 0 2 8 . 0 0 0 2 6 . 1 2 0 1 0 0 .0 0 0 4 0 . 0 0 0 3 3 . 0 0 0
1 3 1 3 . 1 0 . 8 9 2 9 .8 7 0 3 4 . 4 0 0 1 7 .2 5 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
1 4 1 4 .1 0 . 8 9
1 5 1 5 .1 0 . 8 9
1 6 1 6 .1 0 . 8 9 9 .0 80 8 .9 00 8 .6 5 0 4 0 . 0 0 0 3 5 . 0 0 0 8 .0 0 0
1 7 17 . 1 0 . 8 9 2 2 .8 5 0 14 . 50 0 4 . 7 8 0 1 6 .0 0 0 12 .0 0 0 4 .0 0 0
1 8 1 8.1 0 .89 12 .66 0 5 .4 4 0 4 . 4 5 0 5 0 . 0 0 0 2 0 . 0 0 0 8 .0 0 0
1 9 1 9 .1 0 . 8 9 4 .3 0 0 3 .6 6 0 3 . 4 6 0 3 3 . 0 0 0 2 7 . 0 0 0 2 1 .0 0 0
20 2 0 . 1 0 . 8 9 5 .00 0 3 .3 0 0 3 . 0 0 0 1 8 .0 0 0 1 5 .0 00 2 .0 0 0
21 2 1 . 1 0 . 8 9
2 2 2 2 . 1 0 . 8 9
23 23.1 0 .89 4 .8 00 3 .3 7 0 3 . 3 6 0 1 0 0 . 0 0 0 7 0 . 0 0 0 1 5 .0 00
24 2 4 . 1 0 . 8 9 5 .66 0 4 .5 3 0 4 .0 0 0 5 0 . 0 0 0 4 5 . 0 0 0 3 0 . 0 0 0
2 5 2 5 . 1 0 . 8 9 7 .0 00 5 .7 00 4 . 4 7 0 4 5 . 0 0 0 3 3 . 0 0 0 . 2 0 .0 0 0
2 6 2 6 . 1 0 . 8 9 6 .25 0 5 .4 2 0 4 .3 5 0 1 0 0 . 0 0 0 2 5 . 0 0 0 1 5 .0 0 0
2 7 2 7 . 1 0 . 8 9 3 2 .1 2 0 2 7 .0 0 0 8 .7 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 1 0 0 . 0 0 0
28 28.1 0 .89
29 2 9 . 1 0 . 8 9
3 0 30.1 0 .89 3 7 .0 0 0 3 6 . 0 0 0 2 2 . 3 7 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 2 5 . 0 0 0
31 31.1 0 .89 3 4 . 0 0 0 2 8 .5 0 0 2 7 . 0 0 0 1 0 0 .0 0 0 7 0 .0 0 0 3 5 . 0 0 0
3 2
33 Total 2 8 8 .0 0 0 21 6 .000 1 4 4 . 0 0 0 1 2 6 4 . 0 0 0 1 01 5 .0 00 3 2 4 . 0 0 0
3 4 Average 1 6.0 00 12 .0 0 0 8 . 0 0 0 7 0 . 0 0 0 5 3 .0 0 0 1 8 .0 0 0
3 5 % Reduction 2 5 .0 0 0 3 3 . 0 0 0 1 9 . 0 0 0 6 6 .0 0 0
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December 89 data Sun, Aug 2, 1992 8:16 a ir.
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .1 2 . 8 9 4 0 . 5 0 0 3 1 . 8 7 0 7 .8 3 0 3 0 0 . 0 0 0 2 0 0 . 0 0 0 15 0 .0 0 0
2 2 . 1 2 . 8 9
3 3 . 1 2 . 8 9
4 4 . 1 2 . 8 9
5 5 .1 2 . 8 9 63 .6 0 0 5 0 .8 0 0 4 .2 8 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 3 0 . 0 0 0
6 6 .1 2 . 8 9 2 5 .0 0 0 2 3 .2 5 0 2 0 . 0 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 2 0 . 0 0 0
7 7 .1 2 . 8 9 11 .9 80 11 .50 0 7 .6 8 0 1 7 0 . 0 0 0 1 5 0 .0 0 0 8 .0 00
8 8 .1 2 . 8 9 5 .7 70 5 .6 00 4 . 6 6 0 1 0 0 . 0 0 0 7 0 . 0 0 0 3 0 . 0 0 0
9 9 .1 2 . 8 9
1 0 1 0 .1 2 . 8 9
1 1 1 1 .1 2 . 8 9 2 0 .3 7 0 18 .64 0 1 2 .2 5 0 2 0 0 . 0 0 0 1 0 0 .0 0 0 1 0 .0 0 0
1 2 12.1 2 .89 2 6 .5 0 0 7 .0 00 6 .5 80 1 5 0 . 0 0 0 3 0 . 0 0 0 0 .0 0 0
1 3 1 3 .1 2 . 8 9
1 4 1 4 .1 2 . 8 9 9.81 0 8 .0 00 6.61 0 3 0 0 . 0 0 0 2 0 0 . 0 0 0 1 0 .0 0 0
1 5 1 5 .1 2 . 8 9 4 .3 0 0 4 .1 0 0 3 .7 0 0 7 5 . 0 0 0 7 0 . 0 0 0 5 0 . 0 0 0
1 6 1 6 .1 2 . 8 9
1 7 1 7 .1 2 . 8 9
1 8 1 8 .1 2 . 8 9
1 9 1 9 .1 2 . 8 9
2 0 2 0 . 1 2 . 8 9 3 .9 5 0 3 .9 0 0 3 .8 0 0 5 . 0 0 0 1 .0 00 0 .0 0 0
21 2 1 . 1 2 . 8 9
2 2 2 2 . 1 2 . 8 9 3 .6 0 0 2 .8 5 0 2 .6 0 0 1 5 .0 0 0 9 .0 0 0 1 .00 0
23 2 3 . 1 2 . 8 9
24 2 4 . 1 2 . 8 9
25 2 5 . 1 2 . 8 9
2 6 2 6 . 1 2 . 8 9
27 2 7 . 1 2 . 8 9
28 2 8 . 1 2 . 8 9 3 .8 50 3 .8 00 3 .5 0 0 3 0 . 0 0 0 2 7 . 0 0 0 2 3 . 0 0 0
29 2 9 . 1 2 . 8 9 7 .2 60 3 .5 6 0 3 .5 0 0 3 0 . 0 0 0 3 0 . 0 0 0 2 5 . 0 0 0
3 0
31 Total 2 2 6 .0 0 0 1 6 9 .0 0 0 9 1 .0 0 0 1 9 7 5 . 0 0 0 1 4 8 7 . 0 0 0 3 5 7 . 0 0 0
3 2 Average 1 7 .0 00 13 .0 00 7 .0 0 0 1 5 2 . 0 0 0 11 4 .0 0 0 2 7 . 0 0 0
3 3 % Reduction 2 4 .0 0 0 4 6 . 0 0 0 2 5 . 0 0 0 7 6 . 0 0 0
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Appendix 2 
Phase 2 and results
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January 90 data Sun, Aug 2, 1992 8:18 am
Date Raw Tur. PF Tur. SSFs Tur. B act. Raw PF Bact. SSFs Bact.
1 1 .1 .9 0
2 2 .1 . 9 0
3 3 .1 . 9 0
4 4 .1 . 9 0
5 5 .1 . 9 0 9 .70 0 9 .50 0 9 .2 5 0 5 0 .0 0 0 5 0 .0 0 0 3 0 .0 0 0
6 6 .1 . 9 0
7 7 .1 . 9 0
8 8 .1 . 9 0 1 4 .2 5 0 11 .870 1 1 .500 3 0 0 .0 0 0 7 5 .0 0 0 50 .0 00
9 9 .1 .9 0 7 .27 0 7 .22 0 7 .2 2 0 100 .0 00 1 0 0 .0 0 0 3 0 .0 0 0
1 0 10 .1 .9 0 4 .8 00 4 .8 00 4 .5 0 0 7 5 .0 0 0 5 0 .0 0 0 3 0 .0 0 0
1 1 1 1 .1 .9 0 4 .2 20 4 .03 0 3 .9 5 0 100 .0 00 3 0 . 0 0 0 3 0 .0 0 0
1 2 12 .1 .9 0 4 .8 60 4 .02 5 3 .5 1 0 7 5 .0 0 0 4 0 .0 0 0 17 .0 00
1 3 13 .1 . 90
1 4 14 .1 . 90
1 5 1 5 .1 .9 0 5 7 .3 7 0 4 9 .7 50 2 2 . 6 0 0 3 0 0 . 0 0 0 2 0 0 .0 0 0 4 0 .0 0 0
1 6 16 .1 .9 0 4 4 . 3 8 0 44 .1 20 3 9 . 7 5 0 3 0 0 . 0 0 0 2 5 0 . 0 0 0 2 5 0 .0 0 0
1 7 17 .1 .90 4 4 .7 5 0 40 .3 70 2 6 . 5 0 0 3 0 0 .0 0 0 1 0 .00 0 0 .00 0
1 8 18 .1 .9 0 3 3 .6 5 0 31 . 50 0 3 0 . 6 0 0 3 0 0 .0 0 0 3 0 0 . 0 0 0 12 .00 0
1 9 19 .1 .9 0 2 2 .3 7 0 18 .750 18 .0 00 4 5 .0 0 0 4 0 . 0 0 0 3 0 .0 0 0
20 2 0 .1 . 9 0
21 2 1 .1 . 9 0
22 2 2 .1 . 9 0 17 .1 00 16 .250 15 .87 0 3 3 .0 0 0 2 2 .0 0 0 1 5 .00 0
23 2 3 .1 .9 0 8 .9 70 8 .9 30 7 .7 00 3 0 0 .0 0 0 50 .0 0 0 2 0 .0 0 0
24 2 4 .1 . 9 0 5 .0 00 4 .70 0 4 .5 0 0 5 0 .0 0 0 3 4 .0 0 0 18 .0 00
25 2 5 .1 . 9 0 9 .1 50 8 .27 0 4 .0 00 2 0 0 .0 0 0 2 0 0 . 0 0 0 .15 .000
26 2 6 .1 .9 0 4 .6 00 4 .4 00 4 .3 0 0 4 0 .0 0 0 4 0 .0 0 0 24 .0 0 0
2 7 2 7 .1 . 9 0
28 2 8 .1 . 9 0
29 2 9 .1 . 9 0 1 2 .3 00 8 .600 3 .0 0 0 50 .0 0 0 5 0 .0 0 0 16 .000
3 0 3 0 .1 . 9 0 3 .3 50 3 .1 20 3 .0 7 0 4 0 .0 0 0 3 0 .0 0 0 1 0 .0 00
31 3 1 .1 . 9 0 3 .4 8 0 3 .4 80 3 .0 5 0 0 .0 00 0 .0 00 0 .0 00
3 2
33 Total 31 2 .00 0 2 6 6 .0 00 2 3 .0 0 0 3 8 0 0 . 0 0 0 9 5 0 .0 0 0 2 8 5 .0 0 0
3 4 Average 1 6.0 00 14 .000 1 .200 2 0 0 .0 0 0 5 0 .0 0 0 1 5 .0 0 0
3 5 % Reduction 13.000 9 1 .0 0 0 7 5 .0 0 0 7 0 .0 0 0
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March 90 data Sun, Aug 2, 1992 8 :21 am
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .3 .9 0 5 .9 00 5 .8 00 5 .7 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 30. 000
2 2 .3 . 9 0 4 .5 0 0 4 .1 00 3 .8 0 0 3 0 . 0 0 0 3 0 . 0 0 0 15. 000
3 3 . 3 . 9 0
4 4 .3 . 9 0
5 5 .3 . 9 0 3 .1 0 0 3 .0 0 0 2 .8 0 0 1 0 0 .0 0 0 3 0 . 0 0 0 12.,000
6 6 .3 . 9 0 3 .3 0 0 3 .0 0 0 2 . 7 0 0 3 0 . 0 0 0 3 0 . 0 0 0 10. 000
7 7 .3 . 9 0 2 .8 0 0 2 .70 0 2 .2 0 0 2 0 . 0 0 0 2 0 . 0 0 0 15. 000
8 8 .3 . 9 0
g 9 .3 . 9 0 3 .1 0 0 3 .0 0 0 2 . 5 0 0 3 0 . 0 0 0 17 . 00 0 8. 000
1 0 • 10 .3 . 9 0
11 11 .3 . 9 0
1 2 1 2 .3 .9 0 3 .1 0 0 3 .0 00 2 .8 0 0 3 0 0 . 0 0 0 50 .0 0 0 30,,000
1 3 13 . 3 . 9 0 3 .2 0 0 3 .1 0 0 2 .8 0 0 1 0 0 .0 0 0 5 0 .0 0 0 10,,000
1 4 14 .3 .9 0 2 .8 0 0 2 .7 0 0 2 .6 0 0 1 5 .0 0 0 10 .0 00 3, 000
1 5 1 5 .3 .9 0
1 6 16 . 3 . 9 0 2 .8 00 2 .7 0 0 2 .6 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 6,,000
1 7 1 7 .3 .9 0
1 8 1 8 .3 .9 0
1 9 1 9 .3 .9 0 4 .5 5 0 3 .9 0 0 3 .7 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 6,.000
2 0 2 0 .3 . 9 0 2 .9 0 0 2 .8 0 0 2 .7 0 0 7 5 .0 0 0 7 0 . 0 0 0 15,.000
21 2 1 .3 . 9 0 2 .400 . 2 .3 0 0 3 0 0 . 0 0 0 1 0 0 . 0 0 0 10 .000
2 2 2 2 .3 . 9 0
23 2 3 .3 . 9 0 3 .2 0 0 2 .4 00 2 .2 0 0 3 0 0 . 0 0 0 1 0 0 .0 0 0 10 .000
2 4 2 4 .3 . 9 0
25 2 5 .3 . 9 0
2 6 2 6 .3 . 9 0 6 .0 00 5 .7 00 5 .3 4 0 1 0 0 . 0 0 0 7 0 . 0 0 0 10 .000
2 7 2 7 .3 . 9 0 3 .6 0 0 3 .3 0 0 3 .2 0 0 4 0 .0 0 0 3 5 . 0 0 0 13 .000
28 2 8 .3 . 9 0 3 .4 0 0 3 .0 0 0 2 .7 0 0 5 0 . 0 0 0 5 0 .0 0 0 8 .000
2 9 2 9 .3 . 9 0
3 0 3 0 .3 . 9 0 2 .9 0 0 2 .6 00 2 .4 0 0 2 5 . 0 0 0 1 7 .0 00 9 .000
3 1 
3 2 Total 7 2 .0 0 0 59 . 1 0 0 5 2 .7 40 4 5 0 0 . 0 0 0 1 8 0 0 . 0 0 0 180 .000
33 Average 4 .0 0 0 3 .2 8 0 3 .1 2 0 2 5 0 . 0 0 0 1 0 0 .0 0 0 10 .000
3 4 % Reduction 18 .00 0 5 .4 1 0 6 0 .0 0 0 90 .000
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April 90 data Sun, Aug 2, 1992 8:23 am
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .4 . 9 0
2 2 . 4 . 9 0 2 .9 00 2 .8 00 2 .7 0 0 2 3 . 0 0 0 13 .0 00 5 .0 00
3 3 . 4 . 9 0 3 .4 0 0 3 .0 00 2 .9 0 0 3 0 . 0 0 0 10 .0 00 3 .0 0 0
4 4 . 4 . 9 0 3 .1 0 0 2 .6 50 2 .6 0 0 1 2 .0 0 0 5 .0 00 0 .0 0 0
5 5 . 4 . 9 0
6 6 . 4 . 9 0
7 7 . 4 . 9 0
8 8 . 4 . 9 0
9 9 .4 . 9 0 3 .3 0 0 2 .70 0 2 . 4 0 0 2 0 . 0 0 0 1 5 .0 00 6 .0 00
1 0 1 0 .4 . 9 0 9 .4 00 8 .3 00 3 .6 0 0 2 0 . 0 0 0 15 .0 00 12 .00 0
1 1 1 1 .4 . 9 0 18 .3 00 13 .700 8 .6 0 0 10 .0 0 0 5 .0 00 2 .0 0 0
1 2 1 2 .4 . 9 0 7 .6 0 0 7 .10 0 6 .8 0 0 8 .0 0 0 5 .0 00 1 .000
1 3 1 3 .4 . 9 0
1 4 1 4 .4 . 9 0
1 5 1 5 .4 . 9 0
1 6 1 6 .4 . 9 0
1 7 1 7 .4 . 9 0 2 .4 0 0 2 .40 0 2 .3 0 0 2 0 . 0 0 0 1 6 .000 1 .000
1 8 1 8 .4 . 9 0
1 9 1 9 .4 . 9 0 3 .0 0 0 2 .8 00 2 .8 0 0 4 0 . 0 0 0 1 5 .0 00 2 .0 0 0
2 0 2 0 . 4 . 9 0 4 .0 0 0 3 . 1 0 0 2 . 6 0 0 1 8 .0 0 0 7 .0 00 1 .00 0
21 2 1 . 4 . 9 0
2 2 2 2 . 4 . 9 0
23 2 3 .4 . 9 0 2 .1 00 5 .000 2 .0 0 0 2 .1 0 0
24 2 4 . 4 . 9 0 3 .6 0 0 2 .90 0 2 .4 0 0 1 8 .0 00 6 .00 0 0 .0 00
2 5 2 5 . 4 . 9 0
26 2 6 . 4 . 9 0 16 .3 00 10 .100 2 .0 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 1 .000
2 7 2 7 . 4 . 9 0 2 0 .7 5 0 8 .400 8 .3 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 12 .00 0
2 8 2 8 . 4 . 9 0
2 9 2 9 . 4 . 9 0
3 0 3 0 . 4 . 9 0 4 0 .9 0 0 40 .7 0 0 5 .9 00 3 0 0 . 0 0 0 3 0 0 . 0 0 0 2 0 .0 0 0
3 1
3 2 Total 1 3 5 .0 0 0 105 .00 0 6 0 . 0 0 0 6 0 0 .0 0 0 2 4 0 . 0 0 0 75 .0 0 0
33 Average 9 .0 00 7 .00 0 4 .0 0 0 4 0 . 0 0 0 16 .00 0 5 .0 00
34 % Reduction 22 .0 00 4 3 . 0 0 0 60 .0 0 0 6 9 . 0 0 0
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Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .5 . 9 0
2 2 . 5 . 9 0
3 3 . 5 . 9 0
4 4 . 5 . 9 0
5 5 . 5 . 9 0
6 8 . 5 . 9 0
7 7 .5 . 9 0 4 . 0 0 0 3 . 9 0 0 3 .7 0 0 3 0 0 . 0 0 0 5 0 .0 0 0 25 .0 0 0
8 8 .5 . 9 0 3 1 . 0 0 0 3 0 . 0 0 0 22 .0 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 15 .0 00
g 9 . 5 . 9 0 2 1 . 0 0 0 7 .4 0 0 7 .2 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 1 0 0 .0 0 0
1 0 10 .5 . 9 0 7 .9 0 0 6 .0 00 5 .4 0 0 2 0 0 . 0 0 0 2 0 0 . 0 0 0 50 .0 0 0
11 1 1 .5 .9 0 4 .5 0 0 3 .5 0 0 3 .2 0 0 10 0 .0 0 0 7 5 . 0 0 0 3 0 . 0 0 0
1 2 12 .5 . 9 0
1 3 1 3 .5 . 9 0
1 4 1 4 .5 . 9 0
1 5 1 5 .5 . 9 0 9 .5 0 0 8 .6 0 0 5 .0 0 0 1 0 0 .0 0 0 7 0 .0 0 0 4 0 .0 0 0
1 6 1 6 .5 . 9 0
1 7 1 7 .5 . 9 0
1 a 18 .5 . 9 0 4 5 . 0 0 0 35 .0 0 0 3 3 . 0 0 0 3 0 0 . 0 0 0 3 0 0 , 0 0 0 1 0 0 .0 0 0
1 9 19 .5 . 9 0
2 0 2 0 . 5 . 9 0
21 2 1 . 5 . 9 0
2 2 2 2 .5 . 9 0 9 .5 0 0 7 .0 0 0 5 .0 00 2 0 0 .0 0 0 2 0 0 . 0 0 0 5 0 .0 0 0
23 2 3 . 5 . 9 0 4 . 5 0 0 4 .0 0 0 3 .5 0 0 3 . 0 0 0 2 .0 0 0 0 .0 00
24 2 4 . 5 . 9 0 5 .0 0 0 4 .2 0 0 3 .9 0 0 7 .0 0 0 3 .0 0 0 1 .00 0
25 2 5 .5 . 9 0
2 6 2 6 . 5 . 9 0
2 7 2 7 .5 . 9 0
28 2 8 . 5 . 9 0 4 .5 0 0 3 .5 0 0 3 .1 0 0 10 .0 00 8 .0 00 3 .0 0 0
29 2 9 . 5 . 9 0 3 . 4 0 0 3 .0 0 0 2 .5 00 8 .0 0 0 4 .0 0 0 0 .0 0 0
3 0  
3 1 
3 2
3 0 . 5 . 9 0 3 . 1 0 0 2 .9 0 0 2 . 5 0 0 3 0 . 0 0 0 6 .0 00 2 .0 0 0
Total 1 5 3 .0 0 0 117 .0 00 91 .000 2 6 0 0 . 0 0 0 2 2 7 5 . 0 0 0 6 5 0 .0 0 0
33 Average 1 2 .0 0 0 9 .0 0 0 7 .0 00 2 0 0 . 0 0 0 1 7 5 . 0 0 0 5 0 .0 0 0
3 4 % Reduction 25 .0 0 0 2 2 . 0 0 0 13 .0 00 7 1 .0 0 0
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u u i i t g  a u  u a i c t
Date Raw Tur. PF Tur. SSFs Tur Bact. Raw PF Bact. SSFs Bact.
1 1 .6 .9 0 19 .0 00 14 . 00 0 10 . 0 0 0 10 .0 00 1 .000 1 .000
2 2 . 6 . 9 0
3 3 . 6 . 9 0
4 4 . 6 . 9 0
5 5 . 6 . 9 0
6 6 . 6 . 9 0
7 7 . 6 . 9 0
8 8 . 6 . 9 0
9 9 .6 . 9 0
1 0 1 0 .6 . 9 0
1 1 1 1 .6 . 9 0 5 .4 0 0 4 .0 0 0 3 .4 0 0 2 5 .0 0 0 6 .000 1 .000
1 2 1 2 .6 . 9 0
1 3 1 3 .6 . 9 0 2 9 . 0 0 0 2 5 .0 0 0 2 0 . 0 0 0 2 5 .0 0 0 25 .0 0 0 5 .00 0
1 4 1 4 .6 . 9 0
1 5 1 5 .6 . 9 0
1 6 1 6 . 6 . 9 -
1 7 1 7 .6 . 9 0
1 8 1 8 .6 . 9 0
1 9 1 9 .6 . 9 0 6 .4 0 0 5 .0 0 0 3 .1 0 0 25 .0 0 0 10 .000 3 .0 0 0
2 0 2 0 . 6 . 9 0 2 0 . 0 0 0 19 .00 0 9 .7 00 3 0 0 . 0 0 0 2 0 0 .0 0 0 1 5 .0 0 0
21 2 1 . 6 . 9 0 2 8 . 0 0 0 2 6 . 0 0 0 9 .5 0 0 3 0 0 . 0 0 0 3 0 0 .0 0 0 3 0 . 0 0 0
22 2 2 . 6 . 9 0 1 3 .0 0 0 12 .0 0 0 1 5 .0 00 2 0 0 .0 0 0 50 .0 0 0 17 .0 0 0
2 3 2 3 . 6 . 9 0
2 4 2 4 . 6 . 9 0
2 5 2 5 . 6 . 9 0 7 .3 0 0 7 .4 00 3 .5 0 0 3 0 0 . 0 0 0 100 .0 00 ■ 5 .0 0 0
28 2 6 . 6 . 9 0 3 .0 0 0 2 .8 00 3 .3 0 0 3 .0 0 0 1 .000 ■ 1 .0 00
2 7 2 7 . 6 . 9 0 3 .4 0 0 4 .0 00 3 . 0 0 0 1 0 .0 00 7 .0 00 0 .0 00
2 8 2 8 . 6 . 9 0 2 .8 0 0 3 .2 0 0 3 .2 0 0 0 .00 0 0 .0 00 0 .0 0 0
2 9 2 9 .6 . 9 0 14 .0 00 13 .0 00 6 .5 0 0 5 0 .0 0 0 3 0 .0 0 0 3 0 . 0 0 0
3 0
31 Total 1 5 6 .0 0 0 1 3 2 .0 0 0 8 4 . 0 0 0 8 4 0 .0 0 0 4 2 0 .0 0 0 1 0 8 .0 0 0
3 2 Average 13. 00 0 1 1 .000 7 .0 0 0 7 0 .0 0 0 3 5 .0 0 0 9 .0 0 0
3 3 % Reduction 1 5 .0 00 3 6 . 0 0 0 50 .0 00 7 4 . 0 0 0
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Date Raw Tur.
July 90 data 
PF Tur. SSFs Tur. Bact. Raw
Sun, Aug 2, 1992 8:34 am 
PF Bact. SSFs Bact.
1 1 .7 . 9 0
2 2 . 7 . 9 0
3 3 . 7 . 9 0 4 . 4 0 0 6 .4 00 5 .3 00 5 0 . 0 0 0 5 .000 0 .00 0
4 4 . 7 . 9 0
5 5 . 7 . 9 0
6 6 .7 . 9 0
7 7 . 7 . 9 0
8 8 . 7 . 9 0
9 9 . 7 . 9 0
1 0 1 0 .7 . 9 0
1 1 1 1 .7 . 9 0
1 2 1 2 .7 . 9 0 3 . 5 0 0 3 .5 0 0 2 .4 0 0 1 2 .0 0 0 12 .00 0 7 .0 00
1 3 1 3 .7 . 9 0 5 .5 0 0 4 .4 0 0 4 . 4 0 0 2 . 0 0 0 0 .00 0 0 .00 0
1 4 1 4 .7 . 9 0
1 5 1 5 .7 . 9 0
1 6 1 6 .7 . 9 0 1 4 .0 0 0 1 5 .0 00 4 5 . 0 0 0 3 0 0 . 0 0 0 2 0 0 .0 0 0 5 0 .0 0 0
1 7 1 7 .7 . 9 0 7 . 1 0 0 8 .4 00 8 .5 0 0 1 0 0 .0 0 0 70 .0 00 15 .0 00
1 8 1 8 .7 . 9 0 3 0 . 0 0 0 3 2 . 0 0 0 1 1 .0 0 0 1 0 0 .0 0 0 50 .0 00 2 5 .0 0 0
1 9 1 9 .7 . 9 0 9.1 00 13 .0 00 1 4 .0 0 0 5 0 .0 0 0 40 .0 00 1 6 .0 0 0
2 0 2 0 . 7 . 9 0 5 .4 0 0 6 .50 0 6 .6 0 0 1 5 0 .0 0 0 1 00 .0 0 0 0 .0 0 0
21 2 1 . 7 . 9 0
2 2 2 2 . 7 . 9 0
23 2 3 . 7 . 9 0 4 9 . 0 0 0 5 5 .0 0 0 3 . 0 0 0 3 0 0 . 0 0 0 1 50 .0 00 4 .0 0 0
2 4 2 4 . 7 . 9 0 2 7 . 0 0 0 2 8 .0 0 0 1 7 .0 0 0 3 0 0 . 0 0 0 3 0 0 .0 0 0 3 1 .0 0 0
2 5 2 5 . 7 . 9 0 8 0 , 0 0 0 8 9 .0 0 0 2 4 . 0 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 . 3 0 . 0 0 0
26 2 6 . 7 . 9 0 2 5 . 0 0 0 2 3 .0 0 0 2 5 . 0 0 0 3 0 0 . 0 0 0 3 0 0 .0 0 0 3 6 . 0 0 0
2 7 2 7 . 7 . 9 0 1 2 .0 0 0 8 .5 00 7 .4 0 0 2 0 0 . 0 0 0 1 50 .0 00 2 0 . 0 0 0
2 8 2 8 . 7 . 9 0
2 9 2 9 . 7 . 9 0
3 0 3 0 . 7 . 9 0 5 .6 0 0 3 .4 0 0 2 .6 0 0 17 . 00 0 2 0 .0 0 0 5 .0 00
31 3 1 . 7 . 9 0 2 . 9 0 0 2 .8 0 0 2 .8 0 0 0 .0 0 0 0 .00 0 0 .0 00
3 2
33 Total 3 0 0 . 0 0 0 2 7 0 . 0 0 0 1 3 5 .0 0 0 2 1 8 1 . 0 0 0 1 6 9 7 .0 0 0 2 3 9 . 0 0 0
3 4 Average 2 0 . 0 0 0 1 8 .0 0 0 9 .0 0 0 1 4 5 .0 0 0 113 .0 00 1 6 .0 00
35 % Reduction 10.0 00 5 0 . 0 0 0 2 2 .0 0 0 86 .0 00
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f - i u y u o I  a u  u a ic x . o u u ,  r \ u y  i o . O D  c u m
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 . 8 . 9 0 12 .00 0 11 .0 00 2 .5 0 0 6 . 0 0 0 4 .0 0 0 0 ;00 0
2 2 . 8 . 9 0 25 .0 0 0 2 5 .0 0 0 6 .0 0 0 1 0 .0 0 0 10 .0 00 6 .0 0 0
3 3 . 8 . 9 0 6 .5 0 0 9 .9 00 7 .3 0 0 3 0 0 . 0 0 0 2 0 0 . 0 0 0 11 .00 0
4 4 . 8 . 9 0
5 5 . 8 . 9 0
6 6 , 8 . 9 0
7 7 . 8 . 9 0 3 1 .0 0 0 4 .0 0 0 3 .0 0 0 0 . 0 0 0 0 .0 0 0 0 .0 0 0
8 8 . 8 . 9 0 4 .9 00 9 .3 00 3 .6 0 0 4 0 . 0 0 0 3 .0 0 0 1 .00 0
9 9 . 8 . 9 0 2 .9 0 0 6 .60 0 2 .9 0 0 1 3 . 0 0 0 10 .0 00 0 .0 0 0
1 0 1 0 .8 . 9 0 16 .0 00 2 .9 0 0 2 .9 00 0 . 0 0 0 0 .0 0 0 0 .0 0 0
1 1 1 1 .8 . 9 0
1 2 1 2 .8 . 9 0
1 3 1 3 .8 . 9 0 2 0 .0 0 0 2 4 .0 0 0 2 3 . 0 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 2 0 . 0 0 0
1 4 1 4 .8 . 9 0 18 .0 00 9 .4 00 1 .60 0 0 . 0 0 0 0 .0 00 0 .0 0 0
1 5 1 5 .8 . 9 0 13 .0 00 14 .00 0 6 .0 00 2 . 0 0 0 1 0 .0 00 1 .0 00
1 6 
1 7 
1 8
1 6 .8 . 9 0 6 .2 0 0 5 .1 00 5 .1 0 0 7 8 . 0 0 0 2 5 . 0 0 0 5 .0 0 0
Total 15 4 .0 00 11 0 .00 0 6 6 .0 0 0 4 4 0 . 0 0 0 4 0 . 0 0 0 3 3 . 0 0 0
1 9 Average 14 .0 00 10 .0 00 6 .0 0 0 4 0 . 0 0 0 10 .0 00 3 . 0 0 0
2 0 %  Reduction 2 9 .0 0 0 4 0 . 0 0 0 7 5 . 0 0 0 7 0 .0 0 0
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Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .9 . 9 0
2 2 . 9 . 9 0
3 3 . 9 . 9 0 16 .0 0 0 17 .0 00 1 5 .0 0 0 6 0 . 0 0 0 6 0 .0 0 0 2 5 . 0 0 0
4 4 . 9 . 9 0 6 .4 00 8 .60 0 7 .0 0 0 3 0 . 0 0 0 1 6 .0 0 0 1 3 .0 0 0
5 5 .9 , 9 0 6 .2 00 6 .10 0 4 . 9 0 0 5 0 .0 0 0 3 0 . 0 0 0 0 .0 0 0
6 6 .9 . 9 0 6 .4 00 5 .50 0 3 . 6 0 0 1 0 1 .0 0 0 6 6 .0 0 0 7 .0 0 0
7 7 .9 . 9 0 4 .4 0 0 4 .2 00 3 .0 0 0 13 . 0 0 0 6 .0 0 0 3 .0 0 0
8 8 .9 . 9 0
9 9 .9 . 9 0
1 0 10 .9 . 9 0
1 1 1 1 .9 . 9 0
1 2 12 .9 . 9 0
1 3 13 .9 . 9 0
1 4 14 .9 . 9 0
1 5 15 .9 . 9 0
1 6 16 .9 . 9 0
1 7 17 .9 . 9 0
1 8 18 .9 . 9 0
1 9 19 .9 . 9 0 2 8 . 0 0 0 2 8 .0 0 0 2 2 . 0 0 0 3 0 0 . 0 0 0 1 5 0 .0 0 0 1 0 0 . 0 0 0
2 0 2 0 . 9 . 9 0 9 .6 00 7 .0 00 6 .8 0 0 3 3 . 0 0 0 19 .0 0 0 1 7 .0 00
21 2 1 . 9 . 9 0 86 .0 0 0 4 2 .0 0 0 2 9 . 0 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 3 0 . 0 0 0
2 2 2 2 .9 , 9 0
23 2 3 .9 . 9 0
2 4 2 4 . 9 . 9 0 4 0 .0 0 0 2 5 .0 0 0 2 0 . 0 0 0 3 0 0 . 0 0 0 10 0 .0 0 0 2 6 . 0 0 0
2 5 2 5 . 9 . 9 0 2 5 .0 0 0 2 3 .0 0 0 1 5 .0 0 0 1 5 0 .0 0 0 75 .0 0 0 ■ 6 .0 0 0
2 6 2 6 .9 . 9 0 2 4 .0 0 0 19 .0 00 1 6 .0 0 0 14 .0 0 0 4 .0 0 0 0 .0 0 0
2 7 2 7 . 9 . 9 0 18 .0 00 9 .4 00 8 .3 0 0 3 . 0 0 0 2 5 . 0 0 0 4 .0 0 0
28 2 8 .9 . 9 0 3 0 . 0 0 0 3 1 .0 0 0 2 5 . 0 0 0 2 0 0 . 0 0 0 1 7 0 .0 0 0 15 .0 0 0
2 9
3 0 Total 2 8 6 .0 0 0 2 3 4 .0 0 0 1 5 6 .0 0 0 1 5 3 7 .0 0 0 1 0 3 5 .0 0 0 2 4 9 . 0 0 0
31 Average 2 2 . 0 0 0 18 .0 00 1 2 .0 0 0 11 8 .0 00 80 .0 0 0 1 9 .0 0 0
3 2 % Reduction 18.0 00 3 3 . 0 0 0 3 3 . 0 0 0 7 6 . 0 0 0
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I o . H U  d u !
Date Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 1 .1 0 . 9 0
2 2 . 1 0 . 9 0
3 3 . 1 0 . 9 0
4 4 . 1 0 . 9 0
5 5 . 1 0 . 9 0
6 6 .1 0 . 9 0
7 7 . 1 0 . 9 0
8 8 . 1 0 . 9 0
9 9 . 1 0 . 9 0
1 0 1 0 . 1 0 . 9 0
1 1 1 1 . 1 0 . 9 0
1 2 1 2 . 1 0 . 9 0
1 3 1 3 . 1 0 . 9 0
1 4 1 4 . 1 0 . 9 0
1 5 1 5.1 0 .90
1 6 1 6 . 1 0 . 9 0 5 .0 0 0 2 .2 00 1 .60 0 0 .0 00 0 .0 00 0 ,0 00
1 7 1 7 .1 0 . 9 0 3 4 . 0 0 0 3 0 .0 0 0 7 .0 0 0 0 .0 00 0 .000 0 .0 00
1 8 1 8 .1 0 . 9 0 2 6 . 0 0 0 2 5 .0 0 0 1 8 .0 0 0
1 9 1 9 .1 0 . 9 0 5 4 . 0 0 0 50 .0 00 2 2 . 0 0 0 3 0 0 . 0 0 0 30 0 .0 0 0 2 0 . 0 0 0
2 0 2 0 . 1 0 . 9 0
21 2 1 . 1 0 . 9 0
2 2 2 2 . 1 0 . 9 0 18 .0 00 17 .000 1 5 .0 00 3 0 0 . 0 0 0 3 0 0 .0 0 0 2 0 .0 0 0
23 2 3 . 1 0 . 9 0 5 .8 00 7 .9 00 7 .7 00 8 .0 0 0 6 .000 8 .0 00
2 4 2 4 . 1 0 . 9 0 6 .1 00 6 .000 5 .6 00 58 .0 0 0 28 .0 00 8 .0 00
25 2 5 . 1 0 . 9 0
26 2 6 . 1 0 . 9 0 2 0 .0 0 0 14 .000 1 4 .0 00 6 .0 0 0 0 .0 00 6 .00 0
27 2 7 . 1 0 . 9 0
28 2 8 . 1 0 . 9 0
29 2 9 . 1 0 . 9 0
30 30.1 0 .90
31 3 1 . 1 0 . 9 0 2 .2 4 0 22 .0 0 0 5 .7 0 0 3 0 0 . 0 0 0 15 .000 0 .0 00
3 2
33 Total 1 8 6 .0 0 0 1 80 . 0 0 0 9 9 . 0 0 0 6 4 9 . 0 0 0 2 5 4 .0 0 0 6 2 .0 0 0
3 4 Average 2 1 . 0 0 0 2 0 .0 0 0 1 1 .0 0 0 7 2 . 0 0 0 2 8 .0 0 0 7 .0 00
3 5 % Reduction 5.00 0 4 5 . 0 0 0 61 .00 0 75 .0 0 0
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iNovtJiiiuer au aaia sun , Mug ii, iw yz  a:42 arr
1
2
3
4
5
6
7
8 
9
1 0 
1 1 
1 2 
1 3
Date
1 .1 1 . 9 0  
2.1 1 .90
5 .1 1 . 9 0
6 . 1 1 . 9 0
8.1 1 .90
9 . 1 1 . 9 0
Total
Average
Reduction
Raw Tur. PF Tur. SSFs Tur. Bact. Raw PF Bact. SSFs Bact.
1 9 . 0 0 0  
7 .3 0 0
7 .4 4 0
1 1 .4 4 0
5 .6 1 0
3 .4 3 0
4 2 . 0 0 0
7 .0 0 0
1 6.0 
7.0
4.3
10.6
4.0  
33 .2
36 .0
6.0
14.0
7.0
6.2
3.8  
6.0
3.3
2.8
3 0 .0  
5.0
17.0
1 0.0  
3.0
0.0
0.0
0.0
2 1 7 .0
220.0 
3 7 .0
3 .0
3 .0
0.0
0.0
0.0
100.0
106.0
18 .0
52 .0
0.0
3.0
0.0
0.0
0.0
50.0
108 .0
9.0
50 .0
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January 91 data No 1 Sun, Aug 2, 1992 8:43 a
Date Raw Tur PF1 Tur SS F  ITu r Raw Bact PF1 Bact SSF1 Bact
1 1 .1 .91
2 2 .1 .9 1
3 3 . 1 .9 1 2 0 . 0 0 0 1 5 . 0 0 0 1 5 . 0 0 0 4 1 . 0 0 0 4 0 . 0 0 0 1 9 . 0 0 0
4 4 . 1 .9 1 2 0 . 0 0 0 1 3 . 0 0 0 1 7 . 0 0 0 5 6 . 0 0 0 4 4 . 0 0 0 3 1 . 0 0 0
5 5 . 1 .9 1
6 6 .1 .9 1
7 7 . 1 .9 1
8 8 . 1 .9 1
g 9 . 1 .9 1
1 0 10 .1 .9 1
11 11 .1 .9 1 3 . 9 0 0 ‘ 3 . 1 0 0 2 . 5 0 0 8 . 0 0 0 3 . 0 0 0 0 . 0 0 0
1 2 12 .1 .9 1
1 3 13 .1 .9 1
1 4 14 .1 .9 1 2 . 9 0 0 2 . 4 0 0 2 . 5 0 0 2 0 . 0 0 0 1 2 . 0 0 0 1 7 . 0 0 0
1 5 15 .1 .9 1 3 . 0 0 0 2 . 9 0 0 2 . 5 0 0 5 0 . 0 0 0 1 3 . 0 0 0 2 0 . 0 0 0
1 6 16 .1 .9 1 6 8 . 0 0 0 7 . 9 0 0 7 . 6 0 0 3 0 0 . 0 0 0 5 0 . 0 0 0 2 0 . 0 0 0
1 7 17 .1 .9 1
1 8 18 .1 .9 1 1 4 . 0 0 0 1 5 . 0 0 0 1 3 . 0 0 0 7 4 . 0 0 0 3 . 0 0 0 1 4 8 . 0 0 0
1 9 1 9 .1 .9 1
2 0 2 0 . 1 . 9 1
21 2 1 . 1 . 9 1 1 2 . 0 0 0 1 3 . 0 0 0 1 1 . 0 0 0 7 5 . 0 0 0 5 0 . 0 0 0 4 0 . 0 0 0
2 2 2 2 . 1 . 9 1 3 0 . 0 0 0 3 9 . 0 0 0 3 0 . 0 0 0 1 5 0 . 0 0 0 2 0 0 . 0 0 0 1 0 0 . 0 0 0
2 3 2 3 . 1 . 9 1 7 . 9 0 0 8 . 5 0 0 7 . 5 0 0 3 0 . 0 0 0 3 0 . 0 0 0 4 0 . 0 0 0
2 4 2 4 . 1 . 9 1 5 . 5 0 0 5 . 5 0 0 4 . 9 0 0 5 0 . 0 0 0 3 0 . 0 0 0 3 6 . 0 0 0
2 5 25 . 1 . 9 1 4 . 5 0 0 4 . 0 0 0 3 . 6 0 0 3 0 0 . 0 0 0 1 5 0 . 0 0 0 . 5 0 . 0 0 0
2 6 2 6 . 1 . 9 1
2 7 2 7 . 1 . 9 1
2 8 2 8 . 1 . 9 1  , 9 . 5 0 0 6 . 2 0 0 5 . 5 0 0 2 0 0 . 0 0 0 1 5 0 . 0 0 0 1 5 0 . 0 0 0
2 9 2 9 . 1 . 9 1
3 0 30 . 1 . 9 1
31
3 2 Total 2 0 1 . 0 0 0 1 3 5 . 5 0 0 1 2 2 . 6 0 0 1 3 5 4 . 0 0 0 7 7 5 . 0 0 0 6 7 1 , 0 0 0
3 3 Aver age 1 5 . 5 0 0 1 0 . 4 0 0 9 . 4 0 0 1 0 4 . 0 0 0 6 0 . 0 0 0 5 1 . 6 0 0
3 4 %  Reduction 3 2 . 8 0 0 9 . 6 0 0 4 2 . 0 0 0 1 4 . 0 0 0
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Phase 3 and results
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January 91 data No 2 Sun, Aug 2, 1992 8:45 am
Date Raw Tur PF2 Tur SSF2 Tur Raw Bact PF2 Bact SSF2 Bact
1 1.1.91
2 2.1.91
3 3.1.91 20 .0 0 0 15 .00 0 15 .0 00 4 1 . 0 0 0 19 .0 00 1 1 .000
4 4 .1 .91 2 0 .0 0 0 12 .00 0 14 .0 00 5 6 . 0 0 0 13 .0 0 0 5 .0 00
5 5 .1 .91
6 6.1.91
7 7.1.91
8 8 .1.91
9 9.1.91
1 0 10.1 .91
1 1 11.1 .91 3 .9 0 0 3 .7 0 0 3 .1 0 0 8 .0 0 0 4 .0 00 1 .000
1 2 12.1 .91
1 3 13.1.91
1 4 14.1.91 2 .9 0 0 7 .5 00 7 .3 0 0 2 0 . 0 0 0 3 .0 0 0 3 .0 0 0
1 5 15.1.91 3 .0 0 0 3 .3 00 2 .5 0 0 50 .0 0 0 8 .0 00 1 0 .0 00
1 6 16.1.91 6 8 .0 0 0 7 .30 0 7 .3 0 0 3 0 0 . 0 0 0 5 .0 00 8 .0 00
1 7 17.1.91
1 8 18.1.91 1 4 .0 0 0 14 .000 14 .0 00 74 .0 0 0 17 .0 0 0 1 8 .0 00
1 9 19.1.91
2 0 20 .1 .91
21 21 .1 .91 12 .0 00 14 .000 12 .00 0 75 .0 0 0 2 0 .0 0 0 15 .0 00
2 2 22 .1.91 3 0 . 0 0 0 12 .000 11 .00 0 1 5 0 .0 0 0 2 0 .0 0 0 15 .000
23 23.1.91 7 .9 00 14 .000 14 .00 0 3 0 . 0 0 0 3 0 . 0 0 0 20 .0 0 0
24 24 .1 .91 5 .5 00 6 .50 0 4 .9 00 5 0 .0 0 0 6 .0 00 12 .000
25 25.1.91 4 .5 00 4 .5 00 3 .5 0 0 3 0 0 . 0 0 0 2 0 .0 0 0 • 1 5 .0 00
26 26.1.91
2 7 27.1.91
2 8 28.1.91 9 .5 00 14 .000 6 .5 00 2 0 0 . 0 0 0 1 2 .0 00 4 .0 00
29 29.1 .91
3 0 30 .1.91
3 1
3 2 Total 2 0 1 . 0 0 0 127 . 80 0 11 5.1 00 1 3 5 4 .0 0 0 17 7 .0 0 0 13 7 .0 0 0
33 Average 15 .50 0 9 .8 00 8 .9 00 1 0 4 .2 00 14 .0 00 10 .5 00
3 4 % Reduction 37 .0 0 0 10 .0 00 8 7 .0 0 0 2 5 .0 0 0
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Febuary 91 data No1 Sun. Aug 2, 1992 8:48 arr
Date Raw Tur. PF 1 Tur. SSFs 1 Tur. Raw Bact PF 1 Bact. SSFs 1 Bact.
1 1.2.91 5 .3 00 4 .5 0 0 4 .5 0 0 2 0 0 . 0 0 0 1 24 .0 0 0 7 3 .0 0 0
2 2.2.91
3 3 .2.91
4 4 .2.91
5 5.2.91
6 6.2.91
7 7.2.91 5 .6 00 6 .0 00 5 .2 00 15 .00 0 13 .00 0 12 .0 0 0
8 8.2.91 4 .60 0 4 .1 00 4 .0 0 0 2 8 .0 0 0 3 .0 00 0 .0 0 0
g 9.2.91
1 0 10.2.91
11 11.2.91
1 2 12.2.91
1 3 13.2.91 5 .4 00 4 .4 00 4 .3 0 0 1 00 . 0 0 0 1 00 .0 00 7 5 .0 0 0
1 4 14.2.91 4 .9 00 3 .5 00 3 .6 0 0 1 00 . 0 0 0 8 0 .0 00 6 5 .0 0 0
1 5 15.2.91 4 .60 0 3 .5 00 3 .2 0 0 1 4 1 .0 00 10 1 .0 00 1 7 .0 00
1 6 16.2.91
1 7 17.2.91
1 8 18.2.91 3 .8 00 3 .0 00 3 .0 0 0 5 0 .0 0 0 24 .0 0 0 1 2 .0 0 0
1 9 19.2.91 4 .4 00 3 .5 00 3 .4 0 0 5 .0 00 6 .0 00
20 20.2.91 4 .0 00 3 .4 00 3 .1 0 0 5 0 .0 0 0 3 .0 0 0
21 21.2.91
22 22.2.91
23 23.2.91
24 24.2.91
25 25.2.91 3 .4 00 2 .600 3 .0 0 0 100 . 00 0 3 0 .0 0 0 ■ 2 0 . 0 0 0
26 26.2.91 3 .9 00 2 .500 3 .0 0 0 20 .0 0 0 15 .000 2 2 .0 0 0
2 7 27.2.91 3 .7 00 2 .7 00 3 .0 0 0 50 .0 0 0 3 0 .0 00 2 5 . 0 0 0
28 28.2.91
29
30 Total 54 .0 00 44 .0 00 4 3 .0 0 0 8 5 4 .0 0 0 5 2 8 .0 0 0 3 2 7 . 0 0 0
31 Average 4.5 00 3 .6 40 3 .6 0 0 7 8 .0 0 0 44 .0 0 0 3 0 . 0 0 0
32 % Reduction 19.000 1 .00 0 42 .0 0 0 3 2 . 0 0 0
2 1 0
Febuary 91 Data No2 Sun, Aug 2, 1992 8:49 am
Date Raw Tur PF2 Tur SSF2 Tur Raw Bact PF2 Bact SSF2 Bact
1 1.2.91 5 .3 00 4 .0 00 2 .0 0 0 1 2 4 .0 0 0 1 7 .0 0 0 4 .0 0 0
2 2 .2 .91
3 3.2.91
4 4 .2 .91
5 5 .2 .91
6 6.2.91
7 7 .2 .91 5 .60 0 5 .50 0 6 .0 0 0 12 .0 0 0 11 .0 00 8 .0 00
8 8.2.91 4 .6 00 4 .7 00 4 .4 0 0 0 . 0 0 0 8 .0 00 0 .0 0 0
9 9 .2 .91
1 0 10 .2 .91
1 1 11.2.91
1 2 12.2.91
1 3 13.2.91 5 .4 00 13 .000 4 .5 0 0 1 0 0 . 0 0 0 7 .0 00 5 .00 0
1 4 14 .2 .91 4 .9 0 0 6 .100 3 .0 0 0 1 0 0 . 0 0 0 13 .00 0 15 .0 00
1 5 15.2.91 4 .6 0 0 3 .4 00 2 .9 0 0 1 0 1 .0 0 0 14 .0 00 6 .0 0 0
1 6 16.2.91
1 7 17.2.91
1 8 18.2.91 3 .8 0 0 3 .2 0 0 2 .4 0 0 5 0 . 0 0 0 8 .0 0 0 4 .0 0 0
1 9 19.2.91 4 .4 00 9 .00 0 2 .6 0 0 8 .0 00 3 .0 0 0
2 0 20 .2 .91 4 .0 00 3 .2 00 3 .0 0 0 5 .0 0 0 4 .0 0 0 3 .0 0 0
21 21 .2 .91
2 2 22 .2 .91
23 23 .2 .91
2 4 24 .2 .91
2 5 25 .2 .9 1 3 .4 00 3 .1 00 2 .8 0 0 1 0 0 . 0 0 0 1 .000 0 .0 0 0
2 6 26 .2 .91 3 .9 00 2 .800 2 .6 0 0 2 0 . 0 0 0 1 .000 3 .0 0 0
2 7 27 .2 .91 3 .7 00 2 .5 00 2 .4 00 5 0 . 0 0 0 3 .0 0 0 1 .00 0
28 28 .2 .91
29 29 .2 .91
3 0 30 .2 .91
3 1
3 2 Total 54 .0 0 0 60 .5 00 3 9 . 0 0 0 6 9 3 . 0 0 0 9 5 .0 0 0 5 2 .0 0 0
3 3 Average 4.5 00 5 .04 0 3 . 2 0 0 6 3 . 0 0 0 7 .9 00 4 .3 3 0
3 4 % Reduction -1 2 .0 0 0 3 6 . 0 0 0 8 7 .0 0 0 4 5 . 0 0 0
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March 91 data Nol Sun. Aug 2, 1992 8:51 am
Date Raw Tur. PF 1 Tur. SSFs 1 Tur. Raw Bact PF1 Bact SSFs 1 Bact.
1 1 . 3 .9 1 3 . 5 0 0 2 . 9 0 0 2 . 6 0 0 3 0 0 . 0 0 0 1 2 1 . 0 0 0 2 0 0 . 0 0 0
2 2 . 3 . 9 1
3 3 . 3 . 9 1
4 4 . 3 .9 1 3 . 3 0 0 2 . 4 0 0 2 . 5 0 0 3 0 . 0 0 0 2 0 . 0 0 0 1 7 . 0 0 0
5 5 . 3 .9 1
6 6 . 3 .9 1
7 7 . 3 .9 1 4 . 4 0 0 3 . 8 0 0 3 . 3 0 0 1 0 0 . 0 0 0 1 0 0 . 0 0 0 6 2 . 0 0 0
8 8 . 3 .9 1
9 9 . 3 .9 1
1 0 1 0 . 3 . 9 1
1 1 1 1 . 3 . 9 1 3.1 00 2 . 5 0 0 2 . 7 0 0 3 0 . 0 0 0 3 5 . 0 0 0 1 3 . 0 0 0
1 2 1 2 . 3 . 9 1
1 3 1 3 . 3 . 9 1
1 4 1 4 . 3 . 9 1
1 5 1 5 . 3 . 9 1
1 6 1 6 . 3 . 9 1
1 7 1 7 . 3 . 9 1
1 8 1 8 . 3 . 9 1 3 . 0 0 0 2 . 2 0 0 2 . 4 0 0 5 0 . 0 0 0 2 5 . 0 0 0 2 5 . 0 0 0
1 9 1 9 . 3 . 9 1 3 . 5 0 0 2 . 8 0 0 2 . 4 0 0 1 7 . 0 0 0 1 3 . 0 0 0 1 3 . 0 0 0
2 0 2 0 . 3 . 9 1 2 . 9 0 0 2 . 8 0 0 1 . 9 0 0 5 0 . 0 0 0 5 0 . 0 0 0 4 5 . 0 0 0
21 2 1 . 3 . 9 1 5 4 . 0 0 0 4 0 . 0 0 0 2 . 0 0 0 5 0 0 . 0 0 0 5 0 0 . 0 0 0 6 . 0 0 0
2 2 2 2 . 3 . 9 1 2 . 5 0 0 • • 2 . 2 0 0 2 . 3 0 0 3 4 . 0 0 0 2 0 0 . 0 0 0 1 8 . 0 0 0
2 3 2 3 . 3 . 9 1
2 4 2 4 . 3 . 9 1
2 5 2 5 . 3 . 9 1 2 . 6 0 0 2 . 0 0 0 2 . 3 0 0 3 0 . 0 0 0 1 7 . 0 0 0 ■ 1 6 . 0 0 0
2 6 2 6 . 3 . 9 1 2 . 4 0 0 2 . 3 0 0 2.1 00 3 0 0 . 0 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0
2 7 2 7 . 3 . 9 1
2 8 2 8 . 3 . 9 1 2 . 2 0 0 2.1 00 1 . 8 0 0 8 4 . 0 0 0 1 2 . 0 0 0 9 . 0 0 0
2 9 2 9 . 3 . 9 1
3 0 3 0 . 3 . 9 1
3 1
3 2 Total 8 7 . 4 0 0 6 8 . 0 0 0 2 8 . 3 0 0 1 5 2 5 . 0 0 0 1 3 9 3 . 0 0 0 7 2 4 . 0 0 0
3 3 A v er ag e 7 . 3 0 0 5 . 7 0 0 2 . 4 0 0 1 2 7 . 0 0 0 1 1 6 . 0 0 0 6 0 . 0 0 0
3 4 %  Reduction 2 2 . 0 0 0 5 8 . 0 0 0 9 . 0 0 0 4 8 . 0 0 0
2 1 2
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Date Raw Tur PF2 Tur SSF 2Tur Raw Bact PF2 Bact SSF2 Bact
1 1.3.91 3 .5 0 0 2 .7 00 2 . 7 0 0 2 0 0 . 0 0 0 2 2 . 0 0 0 17 .0 00
2 2 .3 .91
3 3 .3 .91
4 4 ,3 .91 3 .3 0 0 2 .9 0 0 2 . 5 0 0 3 0 . 0 0 0 1 .000 1 .0 00
5 5 .3 .91
6 6 .3.91
7 7.3.91 4 .4 0 0 3 .5 00 2 . 4 0 0 1 0 0 .0 0 0 5 0 .0 0 0 5 .0 00
8 8.3.91
9 9 .3 .91
1 0 10.3 .91
1 1 11.3.91 3 . 1 0 0 2 .6 00 2 . 6 0 0 3 0 . 0 0 0 18 .0 0 0 5 .0 00
1 2 12.3 .91
1 3 13.3.91
1 4 14.3 .91
1 5 15.3.91
1 6 16.3 .91
1 7 17.3 .91
1 8 18.3.91 3 .0 0 0 3 .2 0 0 2 . 5 0 0 2 0 . 0 0 0 10 .0 00 7 .0 00
1 9 19.3 .91 3 .5 0 0 2 .9 0 0 2 . 5 0 0 13 .0 0 0 16 .0 00 14 .0 00
2 0 20 .3 .91 2 .9 0 0 2 .3 0 0 1 .9 00 5 0 .0 0 0 10 .0 0 0 7 .0 00
21 21 .3.91 5 4 .0 0 0 2 .0 00 1 .9 00 5 0 0 . 0 0 0 12 .0 00 7 .0 00
2 2 22 .3 .91 2 .5 0 0 8 .0 00 2 . 3 0 0 3 4 . 0 0 0 7 .000 3 .0 0 0
23 23 .3 .91
2 4 24 .3 .91
2 5 25 .3 .91 2 .6 0 0 2 .2 0 0 2 . 2 0 0 3 0 . 0 0 0 12 .0 0 0 1 0 .0 00
2 6 26 .3 .91 2 .4 0 0 2 .4 0 0 2.1 00 3 0 0 . 0 0 0 5 0 .0 0 0 30 .0 0 0
2 7 27 .3 .91
28 28 .3 .91 2 .2 0 0 2 .3 00 2 . 0 0 0 84 .0 0 0 13 .0 00 6 .0 00
29 29 .3 .91
3 0 30 .3 .91
31
3 2 Total 8 7 .4 0 0 3 7 .0 0 0 2 7 . 0 0 0 1 3 9 1 .0 0 0 2 2 1 ,0 0 0 1 12 .00 0
33 Average 7 .3 0 0 3 .0 80 2 .3 0 0 11 6 .000 1 8 .4 00 9 .3 0 0
3 4 %  Reduction 5 6 .0 0 0 2 3 . 0 0 0 84 .0 0 0 4 9 . 0 0 0
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Date Raw Tur. PF 1 Tur SSF 1 Tur. Raw Bact PF1 Bact SSFs 1 Bact.
1 1.4.91
2 2 .4.91 2 .9 0 0 2 .6 00 2 .3 0 0 2 5 .0 0 0 3 0 . 0 0 0
3 3 .4 .91
4 4 .4.91 2 .5 0 0 2 .5 00 2 .0 0 0 15 .0 00 3 0 0 . 0 0 0 3 3 . 0 0 0
5 5 .4 .91 3 . 0 0 0 2 .2 00 2 . 3 0 0 19 .0 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0
6 6.4.91
7 7.4.91
8 8 .4 .91 4 .9 0 0 3 .5 00 3 .5 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 7 5 .0 0 0
9 9.4.91 3 . 4 0 0 2 .5 00 2 .6 0 0 3 0 . 0 0 0 3 3 . 0 0 0 3 0 . 0 0 0
1 0 10.4.91 2 .8 0 0 2 .6 00 2 .3 0 0 5 0 .0 0 0 2 0 . 0 0 0 1 2 .0 00
1 1 11.4.91
1 2 12.4.91 6 .0 0 0 5 .400 5 .5 0 0 2 0 . 0 0 0 3 0 0 . 0 0 0 3 4 .0 0 0
1 3 13.4.91
1 4 14.4.91
1 5 15.4.91 5 .9 0 0 5 .4 00 5 .0 00 2 0 0 . 0 0 0 16 .0 0 0 17 .0 00
1 6 16.4.91 4 .0 0 0 3 . 3 0 0 2 9 . 0 0 0 8 .0 00
1 7 17 .4 .91
1 8 18.4.91
1 9 19.4.91 3 .5 0 0 2 .8 00 3 .0 0 0 3 0 0 . 0 0 0 3 1 . 0 0 0 11 .0 00
20 20 .4 .91
21 21 .4 .9 1
22 22 .4 .91 2 1 . 0 0 0 2 .4 00 2 .2 0 0 3 5 . 0 0 0 10 .0 0 0 5 .0 0 0
23 23 .4 .91 2 . 8 0 0 2 .9 00 2 .5 0 0 2 6 . 0 0 0 2 0 . 0 0 0 2 3 .0 0 0
24 24 .4 .91 3 .4 0 0 2 .220 2 .0 0 0 7 0 . 0 0 0 1 6 .0 0 0 5 .0 0 0
25 25 .4 .91
26 26 .4.91 3 . 2 0 0 2 .3 00 2 .4 0 0 12 .00 0 11 .0 00 ■ 3 ,0 0 0
2 7 27 .4 .91
28 28 .4 .91
29 29 .4 .91
30 30 .4 .91
31
3 2 Total 6 9 .0 0 0 3 9 .3 2 0 41 .0 0 0 9 0 6 .0 0 0 1 1 8 2 .0 0 0 5 8 6 . 0 0 0
33 Average 4 .9 4 0 3 .0 20 2 .9 0 0 7 0 .0 0 0 9 1 . 0 0 0 42 .0 0 0
3 4 %  Reduction 3 9 .0 0 0 3 .9 0 0 - 3 0 . 0 0 0 5 4 . 0 0 0
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Date Raw Tur PF2 Tur SSF2 Tur Raw Bact PF2 Bact SSF2 Bact
1 1.4.91
2 2 .4.91 2 .90 0 2 .5 0 0 2 .2 0 0 2 2 .0 0 0 2 2 . 0 0 0
3 3 .4 .91
4 4 .4 .91 2 .5 00 2 .0 0 0 11 .9 0 0 15 .0 00 8 .0 00 5 .0 0 0
5 5 .4.91 3 .0 0 0 2 .1 0 0 2 . 0 0 0 19 .0 00 34 .0 0 0 2 8 . 0 0 0
6 6.4.91
7 7 .4 .91
8 8 .4.91 4 .90 0 4 .5 0 0 4 . 4 0 0 10 0 .0 0 0 1 .0 00 0 .0 00
9 9 .4.91 3 .4 00 3 .9 0 0 2 . 5 0 0 3 0 . 0 0 0 5 .0 00 3 .0 0 0
1 0 10.4 .91 2 .8 00 2 .4 0 0 2 . 2 0 0 5 0 .0 0 0 5 .0 00 3 .0 0 0
1 1 11.4 .91
1 2 12.4.91 6 .0 00 2 .3 0 0 5 .0 0 0 2 0 .0 0 0 24 .0 0 0 6 . 0 0 0
1 3 13.4 .91
1 4 14.4.91
1 5 15.4.91 5 .9 0 0 6 .9 00 6 .6 0 0 2 0 0 . 0 0 0 15 .00 0 1 1 .0 0 0
1 6 16.4.91 4 .0 0 0 4 .5 0 0 3 . 1 0 0 2 9 . 0 0 0 9 .00 0 5 .0 00
1 7 17.4.91
1 8 18.4 .91
1 9 19.4.91 3 .5 0 0 3 .0 0 0 2 . 0 0 0 31 .000 15 .00 0 11 .0 00
2 0 20 .4.91
21 21.4.91
2 2 22.4.91 2 1 .0 0 0 2 .3 0 0 1 .9 00 5 .0 00 3 . 0 0 0
23 23.4.91 2 .8 0 0 11 .70 0 2 .4 0 0 2 6 .0 0 0 5 .0 00 3 . 0 0 0
2 4 24.4.91 3 .4 00 2 .0 0 0 2.1 00 7 0 . 0 0 0 4 .0 00 2 .0 00
25 25 .4.91
26 26 .4.91 3 .2 00 1 .900 2 .0 0 0 3 .0 00 6 .000 1 .000
2 7 27 .4.91
28 28 .4 .91
29 29 .4.91
3 0 30 .4.91
3 1
3 2 Total 69 . 0 0 0 5 2 .0 0 0 5 0 . 0 0 0 90 6 .0 0 0 1 5 3 .0 0 0 1 0 3 .0 0 0
33 Average 4.94 0 3 .7 0 0 3 . 5 0 0 6 9 .6 9 0 12 .0 00 7 .3 5 0
3 4 % Reduction 2 4 .5 0 0 3 . 0 0 0 83.1 10 3 7 . 4 9 0
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Date Raw Tur. PF1 Tur SSFs 1 Tur. Raw Bact PF 1 Bact. SSFs 1 Bact.
1 1.5.91
2 2 .5 .91 1 .90 0 1 .500 2 .0 0 0 15 .0 0 0 7 .0 00 9 .0 0 0
3 3 .5 .91 2 .5 0 0 1 .500 2 .0 0 0 18 .0 0 0 16 .000 15 .0 0 0
4 4 .5 .91
5 5 .5 .91
6 6 .5 .91
7 7 .5 .91
8 8 .5 .91
9 9.5.91
1 0 10.5.91 2 .3 0 0 2 .3 00 1 .5 00 3 1 . 0 0 0 10 .0 00 4 0 . 0 0 0
1 1 11 .5.91
1 2 12.5.91
1 3 13 .5 .91 2 .6 0 0 2 .0 00 1 .9 00 1 2 .0 0 0 9 .0 00 3 0 . 0 0 0
1 4 14.5 .91
1 5 15.5 .91 1 .900 1 .900 1 .30 0 1 0 .0 0 0 39 .0 0 0 2 5 .0 0 0
1 6 16.5 .91
1 7 17 .5 .91 4 . 7 0 0 3 .9 0 0 2 .5 0 0 5 3 . 0 0 0 8 .0 00 10 .0 0 0
1 8 18.5 .91
1 9 19.5 .91
20 20 .5 .91
21 21 .5 .91 2 .1 0 0 2 .0 00 1 .50 0 6 .0 0 0 3 0 .0 0 0 5 0 .0 0 0
22 22 .5 .91 2 . 0 0 0 1 .800 1 .50 0 2 0 . 0 0 0 5 0 .0 0 0 50 .0 0 0
23 23 .5 .91
24 24 .5 .91
25 25 .5 .91
26 26 .5 .91
2 7 27 .5 .91
2 8 28 .5 .91 1 .70 0 1 .600 1 .80 0 1 2 0 .0 0 0 27 .0 0 0 2 4 . 0 0 0
2 9 29 .5 .91 2 .4 0 0 2 .00 0 1 .60 0 2 .0 0 0 13 .00 0 1 6 .0 0 0
3 0 30 .5 .9 1
31 31 .5 .91 2 .0 0 0 2 .4 0 0 1 .90 0 2 8 . 0 0 0 18 .00 0 4 4 . 0 0 0
3 2
33 Total 26.1 00 2 2 .9 0 0 1 9 .5 0 0 31 5 .0 00 2 2 7 . 0 0 0 31 3 .0 0 0
34 Average 2 .4 0 0 2 .0 82 1 .7 70 2 8 . 6 4 0 2 0 .6 4 0 2 8 . 4 5 0
35 % Reduction 13.250 14 .9 8 0 2 8 .0 0 0 - 3 8 , 0 0 0
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Date Raw Tur PF2 tur SSF2 Tur Raw Bact PF2 Bact SSF2 Bact
1 1.5.91
2 2 .5 .91 1 .9 00 1 .50 0 2 .0 0 0 15 .00 0 1 4 .0 00 3 .0 0 0
3 3 .5 .91 2 .5 0 0 7 .5 0 0 7 .5 00 18 .00 0 1 5 .0 00 0 .0 00
4 4 .5 .91
5 5.5.91
6 6 .5 .91
7 7 .5 .91
8 8 .5.91
9 9.5.91
1 0 10.5.91 2 .3 0 0 1 .900 1 .600 31 .0 0 0 6 .0 00 3 .0 0 0
1 1 '11 .5 .9 1
1 2 12.5 .91
1 3 13.5 .91 2 .6 0 0 1 .500 2 .0 0 0 12 .00 0 3 0 . 0 0 0 2 5 . 0 0 0
1 4 14.5.91
1 5 15.5.91 1 .900 1 .40 0 1 .400 1 0 .0 00 9 .0 0 0 4 .0 00
1 6 16.5.91
1 7 17.5.91 4 .7 0 0 1 .500 2 .0 0 0 53 . 0 0 0 1 0 2 .0 0 0 1 3 .0 00
1 8 18.5.91
1 9 19.5.91
2 0 20 .5 .91
21 21 .5 .91 2 .1 0 0 1 .50 0 1 .300 6 .0 00 15 .0 00 5 .0 00
2 2 22 .5 .91 2 .0 0 0 2 .0 0 0 1 .600 2 0 .0 0 0 1 0 .0 0 0 4 .0 0 0
23 23 .5 .91
24 24 .5 .91
25 25 .5 .91
26 26 .5 .91
2 7 27 .5 .91
28 28 .5 .91 1 .70 0 1 .90 0 1 .60 0 12 0 .0 00 5 .0 00 3 .0 00
2 9 29 .5 .91 2 .4 0 0 2 .0 0 0 1 .900 2 .0 00 2 .0 00 0 .0 0 0
3 0 30 .5 .91
31 31 .5 .91 2 .0 0 0 1 .90 0 1 .900 2 8 .0 0 0 4 .0 0 0 0 .0 0 0
3 2
33 Total 2 6 . 0 0 0 24 .6 0 0 2 4 .8 0 0 31 5 .0 00 21 2 .0 00 60 .0 0 0
3 4 Average 2 .4 0 0 2 .2 40 2 .2 55 28 .6 4 0 19 . 2 7 0 5 .4 50
3 5 % Reduction 7 .0 0 0 - 0 . 6 0 0 3 3 . 0 0 0 7 2 .0 0 0
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Date Raw Tur. PF 1 Tur. SSF1 Tur Raw Bact PF 1 Bact. SSFs 1 Bact.
1
2
3
4
5
6
7
8 
9
1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
20 
21 
22
23
2 4
25
26
2 7
28
29
30
31
3 2
33
3 4
1.6.91
2.6.91
3 .6 .91
4 .6 .91
5.6.91
6.6.91
7.6.91
8.6.91
9 .6 .91
10.6.91
11.6.91
12.6 .91
13.6.91
14.6.91
15.6.91
16.6.91
17.6.91
18.6.91
19.6.91
20.6 .91
21 .6 .91
22 .6 .91
23.6 .91
24 .6 .91
25 .6 .91
26 .6 .91
27 .6 .91
28 .6 .91
29 .6 .91
30 .6 .91
Total  
Average  
% Reduction
2.200
3 .5 0 0
2 .4 00
1 .900
1 .500  
2 .7 00
2 .5 00  
2.100
2.100
1.900
2 3 .0 0 0
2 .3 00
1 .600
4 .7 00
2 .1 00
1 .500
1 .600
2.200
2.4 00
2 .4 00
2 .9 0 0
2 .9 00
2 4 .0 0 0
2 .4 00
- 4 . 0 0 0
1 .8 00
2 . 5 0 0
1 .7 00
1 .90 0
1 .5 00  
2 . 3 0 0  
2 . 4 0 0  
1 .60 0
1 .8 00
7 .4 0 0
2 4 . 9 0 0
2 .4 9 0
- 4 . 0 0 0
13 .0 00
10.000  
8.000
17. 000
5 0 .0 0 0
8 0 .0 0 0  
4 0 . 0 0 0
3 .0 0 0
13 .0 00
1 8 .000
12.000
8.000
7.0 00
22.000
27 .0 0 0
7 0 .0 0 0
65 .0 0 0
13 .000
22.000
3 2 . 0 0 0
3 . 0 0 0
3 .0 0 0  
10.000 
19 .0 00
16 .0 0 0
4 7 . 0 0 0
4 7 .0 0 0  
1.000
20.000
3 0 . 0 0 0
2 5 2 .0 0 0
25 .2 0 0
2 7 8 .0 0 0  
27 .8 0 0  
-1 2 .000
1 9 6 .0 0 0  
19 .6 0 0  
2 9 .4 0 0
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Date Raw Tur PF2 Tur SSF 2  Tur Raw Bact PF2 Bact SSF2 Bact
1 1 .6 .9 1
2 2 . 6 .9 1
3 3 . 6 . 9 1 2 . 2 0 0 2 . 0 0 0 1 . 8 0 0 1 3 . 0 0 0 2 . 0 0 0 0 . 0 0 0
4 4 . 6 . 9 1 3 . 5 0 0 2 . 5 0 0 1 . 9 0 0 1 0 . 0 0 0 2 . 0 0 0 1 . 0 0 0
5 5 . 6 .9 1 2 . 4 0 0 1 . 8 0 0 1 . 6 0 0 8 . 0 0 0 1 . 0 0 0 0 . 0 0 0
6 6 . 6 .9 1 1 . 9 0 0 2 . 0 0 0 1 . 7 0 0 1 7 . 0 0 0 0 . 0 0 0 0 . 0 0 0
7 7 . 6 .9 1
8 8 . 6 .9 1
g 9 . 6 .9 1
1 0 1 0 . 6 . 9 1
11 1 1 . 6 . 9 1 1 . 5 0 0 2 . 1 0 0 1 . 7 0 0 5 0 . 0 0 0 2 4 . 0 0 0 2 1 . 0 0 0
1 2 1 2 . 6 . 91 2 . 7 0 0 2 . 1 0 0 2 . 1 0 0 8 0 . 0 0 0 1 6 . 0 0 0 1 5 . 0 0 0
1 3 13 .6 . 9 1 2 . 5 0 0 2 . 6 0 0 2 . 6 0 0 4 0 . 0 0 0 7 . 0 0 0 7 . 0 0 0
1 4 14 . 6 . 9 1 2 . 1 0 0 2 . 4 0 0 1 . 9 0 0 3 . 0 0 0 1 5 . 0 0 0 0 . 0 0 0
1 5 1 5 . 6 . 9 1
1 6 16 . 6 . 9 1
1 7 17 . 6 . 9 1 2 . 1 0 0 1 . 4 0 0 1 3 . 0 0 0 1 . 0 0 0
1 8 18 . 6 . 9 1
1 9 1 9 . 6 . 9 1
2 0 2 0 . 6 . 9 1
21 2 1 . 6 . 9 1
2 2 2 2 . 6 . 9 1
2 3 2 3 . 6 . 9 1
2 4 2 4 . 6 . 9 1
2 5 2 5 . 6 . 9 1
2 6 2 6 . 6 . 9 1 1 . 9 0 0 4 . 0 0 0 1 8 . 0 0 0 1 5 . 0 0 0
2 7 2 7 . 6 . 9 1
2 8 2 8 . 6 . 9 1
2 9 2 9 . 6 . 9 1
3 0 3 0 . 6 . 9 1
31
3 2 Total 2 3 . 0 0 0 2 3 . 0 0 0 1 5 . 3 0 0 2 5 2 . 0 0 0 8 3 . 0 0 0 4 4 . 0 0 0
3 3 Av er ag e 2 . 3 0 0 2 . 3 0 0 1 . 9 1 0 2 5 . 2 0 0 8 . 3 0 0 5 . 5 0 0
3 4 %  Réduction 0 . 0 0 0 1 7 . 0 0 0 6 7 . 0 0 0 3 4 . 0 0 0
219
Date Raw Tur. PF 1 Tur. SSFs 1 Tur. Raw Bact PF1 Bact. SSFs 1 Bact,
1 1.7.91
2 2 .7 .91
3 3.7.91 1 .6 00 1.3 18 .0 0 0 1 6 .00 0
4 4 .7 .91
5 5.7.91
6 6 .7.91
7 7 .7.91
8 8 .7.91 1 .40 0 1 2 3 . 9 0 0 10 .0 00 0 .0 00 0 .0 0 0
9 9 .7 .91
1 0 10.7.91 1 .500 4 .4 3 .0 0 0 0 .0 0 0 0 .0 00 0 .0 00
1 1 11.7.91 1 .50 0 6 .3 4 .0 0 0 6 0 .0 0 0 2 6 0 .0 0 0 3 9 0 . 0 0 0
1 2 12.7.91
1 3 13.7.91
1 4 14.7.91
1 5 15.7.91 2 .0 0 0 2 .3 2 .5 0 0 4 0 . 0 0 0 2 2 0 .0 0 0 4 0 0 . 0 0 0
1 6 16.7.91 0 .3 00 0.4 0 .4 00 4 .0 0 0 2 2 .0 0 0 4 0 . 0 0 0
1 7 17.7.91 1 .80 0 3 .5 3 . 9 0 0 3 0 . 0 0 0 3 0 0 .0 0 0 3 0 0 . 0 0 0
1 8 18.7.91 2 .1 00 2 .9 3 . 6 0 0 6 3 .0 0 0 4 4 .0 0 0 4 4 . 0 0 0
1 9 19.7.91 1 .900 2 .9 3 . 4 0 0 6 .0 0 0 2 4 .0 00 13 .0 00
2 0 20 .7 .91
21 21 .7.91
2 2 22 .7 .91
23 23.7.91 1 .900 2 .8 3 .9 0 0 3 4 . 0 0 0 2 9 .0 0 0 2 0 . 0 0 0
2 4 24 .7 .91 1 .900 2 .9 3 .8 0 0 1 8 .0 00 2 9 .0 0 0 52 .0 0 0
2 5 25 .7 .91 2 .8 0 0 3 .9 4 .8 0 0 1 8 .0 00 17 1 .0 00 20 .0 0 0
26 26 .7 .91 2 .8 0 0 2 .9 3 .7 0 0 3 1 .0 0 0 13 .0 00 11 . 0 0 0
2 7 27.7.91
28 28.7.91
2 9 29 .7 .91 6 .3 00 6.5 7 .5 00 3 5 .0 0 0 4 7 .0 0 0 3 2 . 0 0 0
3 0 30 .7 .91 3 8 . 0 0 0 33 4 .4 0 0 3 0 0 . 0 0 0 2 3 . 0 0 0
3 1 31 .7 .91
3 2
3 3 Total 6 8 .0 0 0 88 5 2 .9 0 0 6 6 7 .0 0 0 1 1 7 5 .0 00 1 3 4 5 .0 0 0
3 4 Average 4 .5 20 5 .8 7 3 .8 0 0 4 4 .0 0 0 84 .0 00 9 6 . 0 0 0
3 5 % Reduction -2 9 . 3 5 .6 0 0 - 9 1 . 0 0 0 - 1 4 . 2 8 0
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Date Raw Tur PF2 Tur SSF2 Tur Raw Bact PF2 Bact SSF2 Bact
1 1.7.91
2 2 .7 .91
3 3 .7 .91 1.600 3 .8 0 0 2 .7 0 0 18 .0 0 0 2 3 .0 0 0 4 .0 0 0
4 4 .7 .91
5 5.7.91
6 6 .7 .91
7 7 .7 .91
8 8 .7 .91 1 .400 3 .9 0 0 3 . 2 0 0 1 0 .0 0 0 0 .00 0 0 .0 0 0
9 9 .7 .91
1 0 10.7.91 1 .500 3 .4 0 0 3 . 2 0 0 0 .0 0 0 0 .0 00 0 .0 0 0
1 1 11.7.91 1 .500 3 .9 0 0 2 .2 0 0 6 0 . 0 0 0 3 0 0 .0 0 0 2 0 0 . 0 0 0
1 2 12 .7.91
1 3 13.7.91
1 4 14.7.91
1 5 15.7.91 2 . 0 0 0 2 .4 00 2 .2 0 0 4 0 . 0 0 0 150 .0 00 8 0 .0 0 0
1 6 16 .7.91 0 .3 00 0 .4 00 0 .4 0 0 4 . 0 0 0 15 .0 00 8 . 0 0 0
1 7 17.7.91 1 .800 3 .2 0 0 3 . 3 0 0 3 0 . 0 0 0 10 0 .0 00 1 0 0 .0 0 0
1 8 18.7.91 2 .1 00 3 .5 0 0 3 . 7 0 0 6 3 . 0 0 0 6 5 .0 0 0 3 0 . 0 0 0
1 9 19 .7.91 1 .900 2 .7 00 3 .2 0 0 6 .0 00 12 .00 0 6 .0 0 0
2 0 20 .7 .9 1
21 21 .7 .91
2 2 22 .7 .91
23 23 .7 .91 1 .900 2 .5 00 2 .4 0 0 3 4 . 0 0 0 26 .0 0 0 1 1 .0 00
2 4 24 .7 .9 1 1 .900 3 .0 0 0 2 .9 0 0 18 .0 00 2 6 .0 0 0 2 0 . 0 0 0
25 25 .7 .91 2 .8 0 0 4 . 8 0 0 4 .4 0 0 18 .0 0 0 3 0 0 .0 0 0 3 0 0 . 0 0 0
26 26 .7 .9 1 2 .80 0 4 . 0 0 0 3 .0 0 0 3 1 . 0 0 0 3 1 .0 0 0 11 .0 00
2 7 27 .7 .91
28 28 .7 .91
29 29 .7 .91 6 .3 00 6 .30 0 6 .0 0 0 3 5 . 0 0 0 1 5 0 .0 0 0 1 0 . 0 0 0
3 0 30 .7 .91 3 8 .0 0 0 4 . 4 0 0 4.1 00 3 0 0 . 0 0 0 2 8 .0 0 0 1 .000
3 2 Total 6 8 .0 00 52 .2 00 4 6 . 9 0 0 6 6 7 . 0 0 0 1 2 2 6 .0 0 0 7 8 1 .0 0 0
33 Average 4 .5 2 0 3 .4 8 0 3 .1 2 0 4 4 . 4 7 0 82 .0 0 0 5 2 . 0 0 0
3 4 % Reduction 2 3 .0 0 0 10 . 1 5 0 - 8 6 . 0 0 0 3 7 . 0 0 0
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Date Raw Tur PF1 Tur SSF 1 Tur Raw Bact PF1 Bact. SSF 1 Bact
1 1.8.91 6 .3 0 0 5 .80 0 14 .0 0 0 56 .0 0 0 5 9 .0 0 0 3 0 .0 0 0
2 2 .8 .91
3 3 .8 .91
4 4 .8 .91
5 5 .8.91
6 6 .8.91 2 .3 0 0 2 .5 00 2 .7 0 0 100 . 0 0 0 6 0 .0 0 0 12 .00 0
7 7.8.91
8 8.8.91
g 9.8.91 2 .6 0 0 3 .00 0 2 .4 0 0 4 3 . 0 0 0 4 .0 00 11 .0 00
1 0 10.8.91
1 1 11 .8 .91
1 2 12.8.91 8 .0 00 8 .50 0 7 .7 0 0 120 . 00 0 54 .0 0 0 4 0 .0 0 0
1 3 13.8 ,91 7 .5 00 6 .300 5 .0 00 3 6 . 0 0 0 24 .0 0 0 3 5 . 0 0 0
1 4 14.8.91 3 .5 0 0 3 .7 00 3 .5 0 0 175 . 000 1 5 0 .0 0 0 0 .0 00
1 5 15 .8 .91 2 .3 0 0 2 .8 00 3 .6 0 0 2 3 .0 0 0 28 .0 0 0 10 .0 00
1 6 16.8.91 2 .1 0 0 2 .4 00 2 .7 0 0 7 5 .0 0 0 70 .0 0 0 3 2 .0 0 0
1 7 17.8.91
1 8 18.8.91
1 9 19.8.91 2 .9 00 2 .1 00 2 .9 0 0 2 4 .0 0 0 39 .0 0 0 5 .0 00
20 20 .8 .91 1 .800 2 .0 0 0 2 .2 00 1 3 .0 0 0 14 .0 00 5 .0 00
21 21 .8 .91
22 22 .8 .91 15 .0 00 14 .000 7 .0 00 6 5 .0 00 6 0 .0 0 0 18 .000
23 23 .8 .91
2 4 24 .8 .91
25 25 .8 .91
26 26 .8 .91 2 .5 0 0 2 .4 00 3 .3 0 0 2 0 0 .0 0 0 8 0 .0 0 0 9 0 .0 0 0
2 7 27 .8 .91
28 28 .8 .91
29 29 .8 .91 3 2 . 0 0 0 3 0 .0 0 0 1 8 .0 0 0 3 0 0 .0 0 0 21 0 .000 150 .0 00
30 30 .8 .91 15 .0 00 14 .000 2 3 .0 0 0 1 00 . 00 0 1 5 0 .0 0 0 9 0 .0 0 0
31
3 2 Total 1 0 4 .0 0 0 100 .0 00 9 8 .0 00 133 0 .0 0 0 1 0 0 8 . 0 0 0 5 2 8 . 0 0 0
33 Average 7 .4 00 7 .1 00 7 .0 00 9 5 .0 0 0 7 2 .0 0 0 3 8 . 0 0 0
3 4 % Reduction 4.0 00 2 .0 00 2 4 . 0 0 0 4 7 .0 0 0
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Date Raw Tur PF 2 Tur SSF 2 Tur Raw Bact PF2 Bact SSF 2 Bact
1 1.8.91 6 .3 00 6 .40 0 16 .0 00 5 6 .0 0 0 60 .0 00 2 9 .0 0 0
2 2 .8 .91
3 3 .8 .91
4 4 .8 .91
5 5 .8 .91
6 6.8.91 2 .3 00 2 .9 00 2 .5 0 0 1 0 0 .0 0 0 55 .0 00 13 . 0 0 0
7 7 .8 .91
8 8 .8 .91
9 9 .8 .91 2 .6 00 3 .1 00 2 .5 0 0 4 3 . 0 0 0 100 .000 6 .0 0 0
1 0 10.8.91
1 1 11.8.91
1 2 12.8.91 8 .0 00 8 .9 00 8 .8 00 1 2 0 .0 00 40 .0 00 3 8 . 0 0 0
1 3 13.8.91 7 .50 0 6 .7 00 5 .3 0 0 3 6 . 0 0 0 2 8 .0 0 0 12 .0 00
1 4 14.8 .91 3 .5 0 0 3 .7 0 0 4 .7 0 0 17 5 .0 0 0 2 0 0 .0 0 0 7 5 . 0 0 0
1 5 15.8.91 2 .3 00 2 .3 00 3 .1 0 0 2 3 .0 0 0 3 3 .0 0 0 8 .0 0 0
1 6 16.8 .91 2 .10 0 2 .2 00 2 .1 0 0 75 .0 0 0 66 .00 0 10 .0 00
1 7 17.8.91
1 8 18.8.91
1 9 19.8 .91 2 .9 00 2 .3 0 0 2 .0 0 0 2 4 . 0 0 0 10 .0 00
2 0 20 .8 .91 1 .800 2 .2 0 0 1 .60 0 13 .00 0 11 .000 5 .0 0 0
21 21 .8.91
2 2 22 .8.91 15 .0 00 14 .00 0 2 .1 0 0 65 .0 0 0 39 . 0 0 0 52 .0 0 0
2 3 23 .8 .91
24 24 .8 .91
2 5 25 .8 .91
26 26 .8.91 2 .50 0 2 .0 00 2 .4 0 0 2 0 0 . 0 0 0 2 0 0 .0 0 0 1 7 .0 0 0
2 7 27 .8.91
2 8 28 .8.91
29 29 .8.91 3 2 .0 0 0 3 1 .0 0 0 2 5 .0 0 0 3 0 0 .0 0 0 3 0 0 .0 0 0 3 0 0 . 0 0 0
3 0 30 .8 .91 1 5 .00 0 14 .0 00 2 5 .0 0 0 100 . 00 0 1 00 .0 00 1 0 0 .0 0 0
3 1
3 2 Total 1 04 .0 00 101 .70 0 103.1 00 13 3 0 .0 0 0 12 3 2 .0 0 0 6 7 2 .0 0 0
3 3 Average 7.40 0 7 .2 60 7 .3 0 0 9 5 .0 0 0 95 .0 00 4 8 . 0 0 0
3 4 % Reduction 1.800 - 0 . 5 5 0 0 .0 00 49 .4 7 0
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1 1 1 ------ . . - , ------ — . —
Date Raw Tur PF1 Tur. SSF1 Tur. Raw Bact PF1 Bact. SSF1 Bact.
1 1 .09 .91
2 2 .0 9 .91
3 3 .09 .9 1
4 4 .09 .9 1
5 5 .0 9 .91 5 .1 0 0 3 .5 0 0 2 .6 0 0 5 2 . 0 0 0 22 .0 0 0 0 .0 00
6 6 .0 9 .91 3 . 9 0 0 3 .30 0 5 .3 0 0 1 5 .0 00 5 0 .0 0 0 20 .0 0 0
7 7 .0 9 .91
8 8 .09 .91
9 9 .0 9 .91 3 .1 0 0 1 .600 2 .3 0 0 3 5 . 0 0 0 7 5 .0 0 0 2 .0 00
1 0 10 .09 .91
1 1 11 .09 .91 1 .5 00 1.400 1 .90 0 1 2 .0 0 0 50 .0 0 0 2 0 .0 0 0
1 2 12 .09 .91 1 .800 1 .800 1 .90 0 1 2 .0 0 0 40 .0 0 0 13 .0 00
1 3 13 .09 .91 2 .5 0 0 2 .20 0 2 . 1 0 0 1 5 .0 00 30 .0 0 0 8 .0 00
1 4 14 .09 .91
1 5 15 .0 9 . 91
1 6 16 .09 .91
1 7 17 .09 .91 2 .4 0 0 1 .500 1 .500 3 3 . 0 0 0 80 .0 0 0 10 .0 00
1 8 1 8 .09 .91 2 .2 00 2 .000 1 .500 4 6 . 0 0 0 3 4 .0 0 0 18 .0 00
1 9 19 .09 .91 1 .200 0 .900 1 .20 0 2 0 . 0 0 0 4 0 .0 0 0 1 0 .0 0 0
20 2 0 .0 9 .9 1 1 .500 2 .50 0 2 .2 0 0 12 .0 00 1 50 .0 00 8 .0 00
21 21 .0 9 . 9 1
22 22 .0 9 .9 1
23 23 .0 9 .9 1 2 3 .0 0 0 22 .00 0 14 .0 0 0 3 0 . 0 0 0 14 .000 8 .0 0 0
24 24 ,0 9 .9 1 6 7 .0 0 0 8 .000 11 .0 0 0 3 0 0 . 0 0 0 1 50 .0 0 0 2 5 .0 0 0
2 5 25 .0 9 .9 1
2 6 26 .0 9 .9 1
2 7 27 .0 9 .9 1 7 .4 00 6 .80 0 2 .1 0 0 3 0 0 . 0 0 0 3 0 0 . 0 0 0 5 0 .0 0 0
28 28 .0 9 .9 1 3 .3 0 0 3 .0 00 5 .5 00 1 0 0 .0 0 0 2 5 .0 0 0 6 .0 0 0
29 29 .0 9 .9 1
30 30 .0 9 . 9 1 3 1 . 0 0 0 3 0 .0 0 0 3 4 . 0 0 0 6 3 .0 0 0 67 .0 0 0 16 .0 00
31
3 2 Total 157 . 0 0 0 90 .0 00 90 .0 0 0 1 0 4 5 . 0 0 0 1 127 . 0 0 0 2 1 4 . 0 0 0
33 Average 1 0 .5 00 6 .000 6 .0 0 0 7 0 . 0 0 0 7 0 .0 0 0 14 .0 00
3 4 % Reduction 4 3 .0 00 0 .0 0 0 - 7 . 0 0 0 8 1 .0 0 0
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Date Raw Tur PF2 Tur SSF2 Tur Raw Bact PF2 Bact SSF 2 Bact
1 1.9.91
2 2.9.91
3 3.9.91
4 4 .9 .91
5 5.9.91 5 .1 00 3 .4 0 0 2 . 4 0 0 5 2 .0 0 0 17 . 0 0 0 6 .0 00
6 6.9.91 3 .9 0 0 3 .1 0 0 4 . 2 0 0 15 .0 00 3 0 . 0 0 0 1 2 .0 00
7 7 .9 .91
8 8 .9.91
9 9.9.91 3 .1 0 0 1 .9 00 2 .5 0 0 3 5 . 0 0 0 1 5 .0 00 7 .0 0 0
1 0 10.9.91
1 1 11.9.91 1 .50 0 1 .50 0 2 .0 0 0 12 .0 00 5 0 .0 0 0 4 .0 0 0
1 2 12.9.91 1 .800 1 .900 2 .0 0 0 12 .0 00 5 0 .0 0 0 9 .0 00
1 3 13.9.91 2 .5 0 0 1 .50 0 2 .0 0 0 1 5 .0 00 2 0 .0 0 0 10 .0 00
1 4 14.9.91
1 5 15.9.91
1 6 16.9.91
1 7 17 .9 .1 9 2 .4 0 0 1 .6 00 1 .6 00 3 3 . 0 0 0 7 5 .0 0 0 13 .0 00
1 8 18.9.91 2 .2 0 0 2 .1 0 0 1 .8 00 4 6 .0 0 0 5 6 .0 0 0 2 0 .0 0 0
1 9 19.9.91 1 .200 1 .000 1 .2 00 2 0 .0 0 0 5 0 .0 0 0 2 6 . 0 0 0
20 20 .9 .91 1 .500 1 .60 0 2 .3 0 0 12 . 00 0 4 0 . 0 0 0 2 0 . 0 0 0
21 21 .9.91
2 2 22 .9.91
23 23 .9 .91 2 3 . 0 0 0 2 3 . 0 0 0 1 5 .0 0 0 3 0 .0 0 0 17 .0 00 1 0 .0 00
24 24 .9 .91 67 .0 0 0 3 5 . 0 0 0 1 2 .0 0 0 3 0 0 .0 0 0 2 0 0 .0 0 0 2 0 .0 0 0
25 25.9.91
2 6 26.9.91
27 27 .9 .91 7 .4 0 0 6 .6 0 0 1 .6 00 3 0 0 .0 0 0 3 0 0 . 0 0 0 1 0 .0 00
2 8 28 .9 .91 3 .3 0 0 3 .3 0 0 4 .5 0 0 100 .0 00 1 0 0 .0 0 0 1 .000
2 9 29 .9 .91
3 0 30 .9 .91 3 1 . 0 0 0 3 1 . 0 0 0 3 1 . 0 0 0 6 3 .0 00 6 1 .0 0 0 1 1 .00 0
31
3 2 Total 1 5 7 .0 0 0 11 8 .0 00 8 6 . 0 0 0 10 45 .0 00 1 0 8 1 .0 0 0 1 7 9 .0 0 0
33 Average 1 0 . 5 0 0 8 .0 00 6 .0 0 0 70 .0 0 0 7 2 .0 0 0 12 .0 0 0
3 4 % Reduction 2 4 .0 0 0 2 5 . 0 0 0 - 2 . 9 0 0 8 4 .0 0 0
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Date Raw Tur PF Turl SSF 1 Tur Raw Bact PF1 Bact SSF 1 Bact
1 1 .10.91 2 9 . 0 0 0 2 8 .0 0 0 2 8 . 0 0 0 3 0 0 . 0 0 0 6 5 .0 0 0 6 5 .0 0 0
2 2 .10 .91 2 2 . 0 0 0 2 4 .0 0 0 2 0 . 0 0 0 3 0 . 0 0 0 3 0 .0 0 0 2 0 .0 0 0
3 3 .10 .91
4 4 .10 .9 1
5 5 .10 .91
6 6 .10 .91
7 7 .10 .91
8 8 .10.91
9 9 .10 .91
1 0 10 .10 .91 3 . 3 0 0 3 .6 0 0 2 . 8 0 0 3 5 . 0 0 0 1 0 0 .0 0 0 2 7 .0 0 0
1 1 1 1 .10.91 2 .6 0 0 2 ‘.500 1 .9 00 4 0 .0 0 0 100 . 000 2 4 .0 0 0
1 2 12 .10 .91
1 3 13 .10 .91
1 4 14 .10 .91
1 5 15 .10 .91
1 6 16 .10 .91 17 .0 0 0 14 .0 00 1 5 .0 0 0 4 0 . 0 0 0 1 0 0 .0 0 0 2 .0 0 0
1 7 17 .10 .91 15 .0 00 15 .00 0 1 4 . 0 0 0 2 5 . 0 0 0 2 0 0 . 0 0 0 15 .0 00
1 8 18 .10.91
1 9 19 .10 .91
2 0 20 . 10 .9 1
21 21 . 10 .9 1 18 . 00 0 3 .3 0 0 2 . 3 0 0 2 0 . 0 0 0 5 0 .0 0 0 4 .0 0 0
2 2 22 .10 .9 1 3 .000, 2 .5 0 0 2 . 0 0 0 1 0 0 .0 00 5 0 .0 0 0 5 .0 00
23 23 .10 .9 1 4 .5 0 0 2 .4 00 1 .9 00 6 .00 0 2 4 ,0 0 0 3 .0 0 0
2 4 2 4 .1 0 . 91 8 .3 0 0 2 .2 0 0 1 .9 00 5 0 .0 0 0 13 .0 00 4 0 . 0 0 0
2 5 25 .1 0 . 91
26 26 .10 .9 1
2 7 27 .1 0 .9 1
28 28 .10 .91
2 9 29 .10 .91
3 0 30.1 0.91
3 1
3 2 Total 1 2 3 .0 0 0 98 .0 0 0 9 0 . 0 0 0 6 4 6 .0 0 0 7 3 2 .0 0 0 2 0 5 . 0 0 0
3 3 Average 1 2 .3 0 0 9 .8 00 9 . 0 0 0 6 5 .0 00 7 3 .2 0 0 2 0 . 5 0 0
3 4 % Reduction 2 0 .3 0 0 8 .0 0 0 - 1 3 . 0 0 0 7 2 .0 0 0
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Date Raw Tur PF 2 Tur SSF2 Tur Raw Bact PF2 Bact SSF 2 Bact
1 1 .10 .91 2 9 . 0 0 0 28 .0 0 0 2 7 . 0 0 0 3 0 0 . 0 0 0 6 5 .0 0 0 65 .0 0 0
2 2 .10 .91 2 2 . 0 0 0 2 1 .0 0 0 2 3 . 0 0 0 3 0 . 0 0 0 2 7 .0 0 0 2 0 .0 0 0
3 3 .1 0 . 91
4 4 .10 .91
5 5 .10 .91
6 6 .10 .91
7 7 .10 .91
8 8 .10 .91
9 9 .10 .91
1 0 10 .10 .91 3 .3 0 0 2 .6 00 4 .0 0 0 3 5 . 0 0 0 15 .0 00 20 .0 0 0
1 1 11 .10 .91 2 .6 0 0 1 .900 2 .6 0 0 ' 4 0 . 0 0 0 10 0 .0 0 0 12 . 000
1 2 12 .10 .91
1 3 13 .10 .91
1 4 14 .10 .91
1 5 15 .10 .91
1 6 16 .10 .91 1 7 .0 0 0 15 .000 14 .0 00 4 0 . 0 0 0 50 .0 0 0 5 .0 00
1 7 17 .10 .91 15 .0 0 0 15 .000 1 4 .0 00 2 5 . 0 0 0 1 5 0 .0 0 0 2 3 .0 0 0
1 8 18 .10 .91
1 9 19 .10 .91
20 20.1 0.91
21 2 1 .1 0 . 91 1 8 .0 0 0 2 .7 00 3 .3 0 0 2 0 . 0 0 0 16 .00 0 2 0 .0 0 0
22 2 2 .1 0 . 91 3 .0 0 0 2 .0 0 0 2 .6 0 0 1 0 0 .0 0 0 5 0 .0 0 0 5 .0 00
23 2 3 .1 0 . 91 4 .5 0 0 1 .900 2 .2 0 0 6 .0 00 13 .0 00 14 .0 00
24 2 4 .1 0 . 91 8 .3 0 0 1 .700 2 .3 00 5 0 .0 0 0 31 .000 5 .00 0
2 5 25 . 10 .9 1
2 6 2 6 .1 0 .9 1
2 7 2 7 .1 0 .9 1
28 28 .1 0 .9 1
2 9 29 .1 0 .9 1
3 0 30 .1 0 . 91
3 1
3 2 Total 1 2 3 .0 0 0 91 .8 0 0 9 5 .0 0 0 6 4 6 .0 0 0 51 7 .0 00 19 0 .0 00
33 Average 1 2 .3 0 0 9 .1 80 9 .5 0 0 6 4 .6 0 0 5 2 .0 0 0 19 .00 0
3 4 % Reduction 2 5 .0 0 0 - 4 . 4 0 0 2 8 .0 0 0 64 . 0 0 0
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Date Raw Tur PF 1 SSF1 Raw Bact PF 1 SSF1
1
2 2.11 .91
3 3 .11 .91
4 4 .11 .91
5 5 .11 .91
6 6.11 .91
7 7 .11 .91
8 8 .11 .91
g 9.11 .91
1 0 1 0 .11 .91
1 1 11,11 .91 17 .0 00 16 .00 0 2 5 . 0 0 0 11 O.OOÔ 14 0 .0 0 0 40. 000
1 2 12.11 .91
1 3 13.1 1.91 5 .0 0 0 3 .9 0 0 5 .1 00 60 .0 0 0 90 .0 0 0 0. 000
1 4 14.11 .91
1 5 15.1 1.91
1 6 16.11 .91
1 7 17 .11 .91
1 8 18 .11 .91
1 9 19.11 .91 10 .0 00 9 .9 00 1 1 .00 0 10 .00 0 5 .0 00 0. 000
20 20 .11 .91
21 21 .11 .91 41 .0 0 0 3 8 .0 0 0 3 9 . 0 0 0 1 5 0 .0 0 0 5 0 .0 0 0 40. 000
2 2 22.11 .91 34 .0 0 0 3 1 .0 0 0 4 0 . 0 0 0 1 0 0 .0 0 0 8 .0 00 15,,000
23 23 .11 .91
24 24 .11 .91
25 25 .11 .91
2 6 26 .11 .91 3 1 . 0 0 0 28 .0 0 0 2 6 . 0 0 0 4 0 .0 0 0 3 0 . 0 0 0 0.,000
2 7
2 8
2 9 Total 1 3 4 .0 00 1 2 6 .0 00 146.1 00 4 7 0 . 0 0 0 3 2 3 . 0 0 0 95 ,000
3 0 A v erag e 2 3 .0 0 0 21 .1 33 2 4 . 3 5 0 7 8 .3 3 0 5 3 .8 3 0 15 .830
31 %  Réduction 8.11 0 -1 5 . 2 2 0 3 1 .2 7 0 70 .580
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Date Raw tur P F 2 SSF 2 Raw Bact P F 2 SSF2
1 11 .11 .91 17 .000 1 6 .0 00 2 5 . 0 0 0 1 1 0 .0 0 0 11 0 .000 4 0 . 0 0 0
2 13 .11 .91 5 .00 0 4 .1 0 0 5 .5 0 0 6 0 . 0 0 0 1 3 0 .0 0 0 2 0 .0 0 0
3 19 .11 ,91 10 .000 9 .80 0 1 0 .0 0 0 1 0 .0 00 0 .0 00 0 .00 0
4 2 1 .1 1 .9 1 4 1 .0 0 0 3 8 .0 0 0 1 7 .0 0 0 1 5 0 .0 0 0 3 0 . 0 0 0 0 .0 00
5 22.1 1.91 3 4 .0 0 0 3 2 .0 0 0 4 1 . 0 0 0 100 .0 0 0 5 .0 00 0 .0 0 0
6 2 6 .1 1 . 91 3 1 .0 0 0 2 8 . 0 0 0 2 8 . 0 0 0 4 0 . 0 0 0 4 0 .0 0 0 2 0 . 0 0 0
7
8 Total 138 .00 0 1 2 7 .9 0 0 1 2 6 .5 0 0 4 7 0 . 0 0 0 3 1 5 . 0 0 0 8 0 .0 0 0
9 Average 2 3 .0 0 0 2 1 .3 2 0 2 1 . 0 0 0 7 8 . 3 3 0 5 2 .5 0 0 13 .3 30
1 0 % Reduction 7 .3 2 0 1 .1 10 3 3 .0 0 0 7 4 .6 00
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Date Raw Tur PF 1 & 2 SSF 1 & 2 Raw Bact PF 1 & 2 SSF 1 & 2
1 17 .12 .91 2 .3 0 0 2 .0 00 2 .5 0 0
2 19 .12 .91 3 .0 0 0 2 .5 0 0 2 .5 0 0
3 27 .1 2 , 91 1 .6 00 1 .500 1 .9 00
4 30 .1 2 .9 1 19 . 0 0 0 19 .000 4 .0 0 0
5
6 
7
3 1.1 2 . 91 7 .1 00 7 .5 0 0 6 .9 0 0 3 0 0 . 0 0 0 7 0 .0 0 0 3 0 .0 0 0
Total 3 3 . 0 0 0 3 2 .5 0 0 1 7 .8 0 0 3 0 0 . 0 0 0 70 .0 0 0 3 0 .0 0 0
8 Average 6 .6 0 0 6 .5 00 3 .6 0 0 3 0 0 . 0 0 0 7 0 .0 0 0 3 0 .0 0 0
9 % Reduction 1.500 4 5 . 0 0 0 7 7 .0 0 0 57 .0 0 0
1 0 
1 1
1 2 17 .12 .91 2 .3 0 0 2 .5 00 2 .5 0 0
1 3 19 .12 .91 3 . 0 0 0 2 .6 0 0 2 .8 0 0
1 4 27 .12 .9 1 1 .600 1 .600 1 .6 00
1 5 30 .1 2 .9 1 1 9 .0 00 19 .0 00 1 3 .0 0 0
1 6 31 .12 .9 1 7 .1 0 0 6 .8 00 9 .0 0 0 3 0 0 . 0 0 0 1 2 0 .0 0 0 40 .0 0 0
1 7
1 8 Total 3 3 . 0 0 0 3 2 .5 0 0 2 8 . 9 0 0 3 0 0 . 0 0 0 1 2 0 .0 0 0 40 .0 0 0
1 9 Average 6 .6 0 0 6 .5 00 5 .6 0 0 3 0 0 . 0 0 0 1 2 0 .0 0 0 4 0 . 0 0 0
2 0 % Reduction 1.500 11 .0 0 0 6 0 .0 00 67 .0 0 0
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Appendix 4 
Phase 4 and results
231
Jan 92 Data 1 & 2 sun, Mug z, lyy^ aiatj ar
Date Raw Tur P F 1 & 2 SSF 1 & 2 Raw Bact P F 1 & 2 SSF 1 & 2
1 6 . 1 . 9 2 5 .5 00 3 .0 0 0 2 .0 0 0 2 0 .0 0 0 60 .0 0 0 1 0 .0 00
2 8 .1 . 9 2 1 .9 00 1 .60 0 2 . 0 0 0 2 4 .0 0 0 18 .00 0 19 .0 00
3 9 .1 . 9 2 2 .5 00 2 .1 0 0 2 . 0 0 0 3 0 . 0 0 0 2 0 .0 0 0 0 .0 00
4 1 0 .1 . 9 2 2 .1 00 1 .50 0 2 . 3 0 0 12 .0 00 16 .0 00 15 .0 00
5 1 4 .1 .9 2 2 .1 0 0 1 .800 2 .0 0 0 10 .0 00 10 .000 0 .0 00
6 1 5 .1 . 9 2 2 .5 00 1 .70 0 2 . 0 0 0 12 .0 0 0 2 .00 0 0 .0 00
7 16.1.91 2 .0 00 1 .60 0 2 . 0 0 0 19 .0 00 15 .0 00 17 .00 0
8 2 0 . 1 . 9 2 11 .0 00 12 .0 00 14 .0 0 0 80 .0 0 0 80 .0 0 0 0 .0 00
9 2 4 .1 . 9 2 3 .1 0 0 2 .5 00 2 . 5 0 0 4 0 .0 0 0 3 0 .0 0 0 1 1 .0 00
1 0 2 7 .1 . 9 2 2 7 .0 0 0 2 3 . 0 0 0 2 4 . 0 0 0 4 0 .0 0 0 10 .0 00 0 .0 00
1 1 2 8 .1 . 9 2 5 .1 00 4 .6 0 0 9 .0 0 0 4 0 . 0 0 0 40 .0 0 0 3 0 . 0 0 0
1 2 2 9 .1 . 9 2 3 .4 0 0 3 .0 0 0 4 . 3 0 0 2 .0 00 0 .000 0 .0 00
1 3 3 0 . 1 . 9 2 3 .0 0 0 2 .6 00 2 .9 0 0 1 5 .0 00 7 .000 0 .0 0 0
1 4 3 1 . 1 . 9 2 2 .6 0 0 2 .5 0 0 2 .5 0 0 1 .000 0 .000 0 .0 0 0
1 5 
1 6 Total 73 .8 0 0 6 3 .5 0 0 7 3 . 5 0 0 3 4 5 .0 0 0 3 0 8 . 0 0 0 10 2 .0 0 0
1 7 Average 5 .2 70 4 .8 80 5 .2 5 0 2 5 .0 0 0 2 2 .0 00 7 .2 80
1 8 % Reduction 14 .0 00 -1 5 . 0 0 0 12 .000 67 .0 0 0
1 9 
20
21 6 .1 . 9 2 5 .50 0 5 .0 00 3 . 9 0 0 2 0 .0 0 0 60 .0 0 0 0 .0 00
2 2 8 . 1 . 9 2 1 .900 1 .600 2 .0 0 0 2 4 .0 0 0 18 .000 0 .0 00
23 9 .1 . 9 2 2 .5 00 2 .0 00 2 .4 0 0 3 0 .0 0 0 20 .0 0 0 0 .00 0
2 4 10 .1 . 9 2 2 .1 00 1 .80 0 2 . 5 0 0 12 .0 00 1 6 .000 9 .0 00
25 14 .1 .9 2 2.1 00 1 .500 2 .0 0 0 10 .0 00 10 .000 0 .0 0 0
28 15 .1 . 9 2 2 .5 0 0 1 .500 2 .3 0 0 12 .00 0 2 .0 00 0 .0 00
2 7 16.1.91 2 .0 0 0 1 .40 0 2 0 . 0 0 0 1 9 .0 00 1 5 .00 0 0 .0 00
28 2 0 .1 . 9 2 11 .00 0 10 .0 00 1 1 .0 00 80 .0 0 0 80 .0 0 0 0 .0 00
29 2 4 .1 . 9 2 3 .1 0 0 2 .6 00 2 .6 0 0 40 .0 0 0 30 .0 0 0 2 .0 00
3 0 2 7 .1 . 9 2 27 .0 0 0 2 1 .0 0 0 2 3 . 0 0 0 40 .0 0 0 1 0 .00 0 0 .0 0 0
31 2 8 .1 . 9 2 5 .1 00 5 .0 00 15 .0 0 0 4 0 .0 0 0 4 0 .0 0 0 30 .0 0 0
3 2 2 9 .1 . 9 2 3 .4 00 3 .0 0 0 5 .2 0 0 2 .0 00 0 .00 0 0 .0 00
33 3 0 .1 . 9 2 3 .0 00 2 .5 0 0 3 . 5 0 0 1 5 .0 00 7 .0 00 6 .0 00
3 4 3 1 .1 . 9 2 2 .6 0 0 2 .3 0 0 3 .0 0 0 1 .000 0 .0 00 0 .0 00
3 5
3 6 Total 74.1 00 61 .200 9 8 . 0 0 0 3 4 5 .0 0 0 3 0 8 .0 0 0 4 7 . 0 0 0
3 7 Average 5.29 0 4 .3 7 0 7 .0 0 0 2 5 .0 0 0 2 2 .0 0 0 3 .3 6 0
3 8 % Reduction 17 .39 0 - 6 0 . 0 0 0 1 2 .0 00 8 5 .0 0 0
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Date Raw Tur PF 1 & 2
1 1 0 .2 . 9 2 2 .2 0 0 2 .3 00
2 12 .2 . 9 2 2 .6 0 0 3 .0 00
3 18 .2 . 9 2 2 .0 0 0 2 .2 0 0
4 2 0 . 2 . 9 2 4 .6 0 0 5 .1 00
5 2 1 .2 . 9 2 3 .1 00 2 .9 00
6 2 4 . 2 . 9 2 4 .5 0 0 4 .5 00
7 2 6 .2 . 9 2 2 .6 0 0 2 .4 00
8 2 7 .2 . 9 2 3 .0 0 0 3 .3 00
9 2 8 . 2 . 9 2 2 .7 0 0 2 .3 00
1 0
1 1 Total 2 7 . 3 0 0 2 8 .0 0 0
1 2 Average 3 .0 30 3.11 0
1 3 % Reduction - 2 . 6 0 0
1 4
1 5
1 6 10 .2 . 9 2 2 .2 0 0 2 .3 00
1 7 12 .2 . 9 2 2 .6 00 3 .0 0 0
1 8 18 .2 . 9 2 2 .0 0 0 2 .40 0
1 9 2 0 . 2 . 9 2 4 .6 00 6 .0 00
2 0 2 1 . 2 . 9 2 3 .1 0 0 3 .0 0 0
21 2 4 .2 . 9 2 4 .5 0 0 4 .0 0 0
22 2 6 .2 . 9 2 2 .6 00 2 .6 00
23 2 7 .2 . 9 2 3 .0 00 3 .2 0 0
2 4 2 8 .2 . 9 2 2 .7 0 0 2 .4 00
2 5
26 Total 27 .3 0 0 2 8 .8 9 0
2 7 Average 3 .0 3 0 3 .2 0 0
28 % Reduction - 6 . 0 0 0
SSF 1 & 2
2 . 9 0 0
4 . 4 0 0
2 .4 0 0
2 . 3 0 0
3 . 2 0 0
2 . 5 0 0  
2 . 6 0 0
2 . 5 0 0
2 . 5 0 0
2 5 . 3 0 0
2 .8 0 0
9 .6 0 0
2 . 5 0 0
4 .9 0 0  
3 . 1 0 0
3 . 2 0 0
3 . 9 0 0
3 . 3 0 0  
2 .8 0 0
3 . 0 0 0
2 .8 0 0
2 9 . 5 0 0
3 . 3 0 0  
-3.1 20
Raw Bact
0.000
4 0 . 0 0 0
3 2 . 0 0 0
18 . 00 0
4 .0 0 0
1 8 .0 0 0
O.OOC
0 .0 00
20.000
1 3 2 .0 0 0
14 .0 00
0.000
4 0 . 0 0 0
3 2 . 0 0 0  
1 8.000
4 .0 0 0
18 .0 00  
0.000  
0 .0 0 0
2 0 . 0 0 0
132 .0 00
14 . 00 0
P F 1 & 2
0.000
3 5 .0 0 0
13 .50 0  
6.500  
3 .00 0
12.000 
0.000  
0.000
20.000
90. 0 0 0  
1 0.000
28 .5 00
0.000
2 3 .0 0 0
14 .0 00  
1 0.000
4.00 0
10.000 
0.000 
0.000
20.000
81 .0 00
9 .000  
3 5 .0 0 0
SSF 1 & 2
0 .0 00  
11.000
6.000 
0.0 00  
0.000
6.000 
0.000  
0.000
20.000
4 3 .0 0 0  
4 .7 80
5 2 .0 0 0
0.000
13 .0 00
3 .0 0 0  
0 .0 00  
0.000
6.000  
0 .0 00  
0.000
14.0 00
3 6 .0 0 0
4 .0 0 0
5 6 .0 0 0
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Date Raw Tur P F 1 & 2 SSF 1 & 2 Raw Bact P F 1 & 2 SSF 1 & 2
1 5 . 3 . 9 2 2 .0 0 0 1 .740 1 .0 00 2 .00 0 3 0 .0 0 0
2 6 . 3 . 9 2 1 .7 00 1 .600 1 .6 00 0 .000 1 .000 0 .00 0
3 1 1 .3 . 9 2 2 .0 0 0 2 .0 00 2 . 0 0 0 2 .00 0 0 .0 00 0 .0 0 0
4 1 2 .3 . 9 2 2 .0 0 0 2 .0 00 2 . 0 0 0 1 .000 0 .0 00 0 .0 0 0
5 1 3 . 3 . 9 2 2 .2 0 0 2 .2 00 0 . 6 0 0 3 0 .0 0 0 0 .0 00 0 .0 00
6 1 8 .3 . 9 2 0 .9 90 0.91 0 1 .9 0 0 5 .0 00 1 .000 1 .0 00
7 1 9 .3 . 9 2 1 .40 0 1 .40 0 1 .4 00 2 .00 0 0 .00 0 0 .0 00
8 2 0 . 3 . 9 2 4 .4 0 0 1 .500 1 .2 0 0 12 .000 6 .00 0 4 .0 0 0
9 2 3 . 3 . 9 2 2 .5 0 0 1 .400 1 .3 00 10 .00 0 1 0 .00 0 0 .0 00
1 0 2 4 . 3 . 9 2 2 .5 0 0 2 .0 0 0 2 . 0 0 0 28 . 00 0 2 2 .0 0 0 0 .0 00
1 1 2 5 . 3 . 9 2 1 .40 0 1:400 1 .3 0 0 70 .0 00 4 0 .0 0 0 6 .0 00
1 2 2 6 . 3 . 9 2 1 .5 00 1 .500 1 .5 00 3 4 .0 0 0 6 .00 0 0 .00 0
1 3 2 7 . 3 . 9 2 2 .0 0 0 1 .900 1 .9 00 5 0 .0 00 20 . 0 0 0 0 .0 0 0
1 4 3 0 . 3 . 9 2 1 .100 1 .100 1 .1 00 80 . 00 0 50 , 0 0 0 0 .0 00
1 5 
1 6 
1 7
3 1 . 3 . 9 2 1 .5 00 1 .500 1 .50 0 8 .00 0 6 .0 00 0 .0 00
Total 2 9 . 9 9 0 24 .1 10 2 2 . 3 0 0 3 3 2 .0 0 0 1 6 2 .0 00 1 1 .000
1 8 
1 9 
20  
21
Average  
% Réduction
1.95 0 1 .600
16 .000
1 .4 90
7 .0 0 0
2 2 .0 0 0 10 .800  
5 1 .0 0 0
0 .7 3 0
9 3 .0 0 0
2 2 5 . 3 . 9 2 2 .0 00 1 .200 1 .0 00 2 .0 00 3 .0 00 0 .0 0 0
23 6 . 3 . 9 2 1 .70 0 1 .200 0 .6 0 0 0 .0 00 0 .0 00 0 .0 0 0
24 1 1 .3 .9 2 2 .0 00 2 .0 00 2 .0 0 0 2 .0 00 0 .0 00 0 .0 00
2 5 1 2 .3 . 9 2 2 .0 0 0 2 .0 00 1 .0 00 1 .000 0 .0 00 ■ 0 .0 00
26 1 3 .3 . 9 2 2 .2 0 0 1 .500 1 .10 0 3 0 .0 0 0 1 0 .0 00 0 .0 00
2 7 1 8 .3 . 9 2 0 .9 9 0 0 .8 30 0 .9 9 0 5 .0 00 3 .0 00 0 .0 00
28 1 9 .3 . 9 2 1 .400 1 .400 1 .40 0 2 .0 00 0 .00 0 0 .0 0 0
29 2 0 . 3 . 9 2 4 .4 0 0 1 .300 1 .20 0 12 .000 6 .00 0 4 .0 0 0
3 0 2 3 . 3 . 9 2 2 .5 0 0 1 .200 1 .20 0 10 .000 4 .0 0 0 0 .0 00
3 1 2 4 . 3 . 9 2 2 .5 0 0 2 .0 00 1 .5 00 2 8 .0 0 0 2 .0 0 0 0 .00 0
3 2 2 5 . 3 . 9 2 1 .4 00 1 .300 1 .10 0 7 0 .0 0 0 3 4 .0 0 0 0 .0 0 0
33 2 6 . 3 . 9 2 1 .50 0 1 .40 0 1 .4 00 3 4 .0 0 0 4 .0 00 0 .0 0 0
3 4 2 7 . 3 . 9 2 2 .0 0 0 1 .900 1 .100 50 . 00 0 1 0 .0 00 0 .0 0 0
35 3 0 . 3 . 9 2 1 .10 0 1 .000 1 .00 0 80 .0 00 0 .0 00 0 .0 0 0
3 6
3 7
3 1 . 3 . 9 2 1 .50 0 1 .200 1 .1 00 8 .0 00 4 .0 0 0 0 .0 00
3 8 Total 2 9 . 9 9 0 2 1 .4 3 0 1 7 .3 0 0 3 3 2 .0 0 0 8 0 .0 0 0  ■ 4 .0 0 0
39
40
Average  
% Reduction
1.9 50 1 .430
2 7 .0 0 0
1 .180
1 7 .4 8 0
2 2 .0 0 0 5 .3 30
76 . 0 0 0
0 .2 70
9 5 .0 0 0
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Date Raw Tur PF 1 & 2 SSF 1 & 2 Raw Bact P F 1 & 2  SSF 1 & 2
1 9 .4 . 9 2
2 1 3 .4 . 9 2  6 .5 0 0  6 .30 0  4 .4 00  3 0 0 . 0 0 0  100 .0 00  13 .0 00
3 1 5 .4 . 9 2  7 .4 0 0  7 .4 00  7 .4 00  4 0 . 0 0 0  3 0 .0 0 0  12 .00 0
4 2 9 . 4 . 9 2  2 .1 0 0  2 .0 0 0  2 .0 00  10 .0 00  6 .00 0  0 .0 00
5
6
7 Total 16 .0 0 0  15 .6 9 0  13 .8 0 0  3 5 0 . 0 0 0  136 .0 00  2 5 .0 0 0
8 Average 5 .3 0 0  5 .2 30  4 .6 0 0  1 1 7 .0 0 0  4 5 .3 30  8 .3 30
9 % Reduction 1 .30 0  12 .0 00  61 . 2 5 0  8 2 .0 0 0
1 0
1 1
12  9 .4 . 9 2
1 3 13 .4 . 9 2  6 .5 0 0  6 .5 00  3 .4 0 0  3 0 0 . 0 0 0  55 .0 0 0  10 .0 00
1 4 15 .4 . 9 2  7 .4 0 0  7 .4 00  7 .4 00  4 0 .0 0 0  20 .0 0 0  2 0 . 0 0 0
1 5 2 9 . 4 . 9 2  2 .1 0 0  1 .50 0  1 .500  10 .0 00  4 .0 0 0  0 .0 00
1 6 
1 7
18  Total 16 .0 00  15 .4 0 0  12 . 30 0  3 5 0 .0 0 0  7 9 .0 0 0  3 0 . 0 0 0
1 9  Average 5 .3 0 0  5 .1 30  4 .1 0 0  1 17 .0 00  2 6 .3 3 0  10 .0 00
2 0  % Reduction 3 .2 0 0  2 0 .0 0 0  77 .4 9 0  6 2 .0 0 0
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Date Raw Tur PF 1 & 2 SSF 1 & 2 Raw Bact P F 1 & 2 SSF 1 & 2
1 4 . 5 . 9 2 2 0 . 0 0 0 19 .000 17 .0 00 8 0 .0 0 0 28 .0 00 24 .0 0 0
2 5 . 5 . 9 2 2 3 . 0 0 0 20 .0 0 0 20 .0 0 0 2 0 . 0 0 0 1 0 .000 2 .0 00
3 7 . 5 . 9 2 6 .1 00 5 .3 00 6 .7 00 62 .0 0 0 16 .000 4 .0 00
4 1 1 .5 . 9 2 2 .5 0 0 2 .0 00 1 .900 6 0 .0 0 0 50 .00 0 6 .00 0
5 1 2 .5 . 9 2 2 3 . 0 0 0 22 .0 0 0 2 3 .0 0 0 6 0 .0 0 0 30 .0 00 10 .0 00
6 1 3 .5 . 9 2 3 6 . 0 0 0 34 .0 0 0 3 0 . 0 0 0 0 .0 00 0 .000 0 .0 00
7 1 9 .2 . 9 2 4 2 . 0 0 0 39 .0 0 0 2 4 .0 0 0 1 0 4 .0 0 0 40 .0 00 2 .0 00
8 2 0 . 5 . 9 2 16 .0 00 15 .000 2 0 .0 0 0 7 0 .0 0 0 40 .0 00 12 .00 0
9 2 1 . 5 . 9 2 1 3 .0 00 12 .000 1 1 .000 100 . 0 0 0 60 .00 0 8 .0 00
1 0 
11 Total 1 8 1 .6 0 0 168 .3 00 1 5 3 .6 00 5 5 6 . 0 0 0 2 7 4 .0 00 68 .0 00
1 2 Average 2 0 .1 8 0 18 .70 0 17 .0 60 6 1 .7 7 0 30 .4 40 7 .5 50
1 3 
1 4
% Reduction 7.3 30 8 .7 7 0 50 .72 0 75.1 90
1 5
1:  16 4 . 5 . 9 2 2 0 . 0 0 0 20 .0 00 1 9 .0 00 8 0 .0 0 0 58 .00 0 1 8 .0 00
I l  17 5 . 5 . 9 2 2 3 .0 0 0 20 .0 00 2 0 . 0 0 0 2 0 .0 0 0 6 .000 0 .0 00! ! 18 7 . 5 . 9 2 6 .1 00 5 .40 0 5 .4 00 6 2 .0 0 0 16 .000 0 .0 00
f î 19 1 1 .5 . 9 2 2 .5 0 0 1 .900 1 .900 6 0 .0 0 0 20 .0 00 0 .0 00
I 2 0 1 2 .5 . 9 2 2 3 . 0 0 0 22 .0 0 0 1 7 .0 00 6 0 .0 0 0 26 .0 00 14 .0 00
■ 21 1 3 .5 . 9 2 3 6 . 0 0 0 3 5 .0 0 0 2 7 . 0 0 0 0 .0 00 0 .000 0 .0 00
1 2 2 1 9 .2 . 9 2 4 2 . 0 0 0 3 9 .0 0 0 1 8 .0 00 1 0 4 .0 0 0 70 .0 00 2 .0 0 0
1 23 2 0 . 5 . 9 2 16 .00 0 15 .000 2 0 . 0 0 0 7 0 .0 0 0 40 .0 00 4 .0 0 0
i 24! p c 2 1 . 5 . 9 2
13 .000 1 0 .00 0 13 .0 00 1 00 .0 0 0 32 .0 00 4 .0 00
i 26 Total 18 1 .6 0 0 1 68 .3 00 141 . 3 0 0 5 5 6 .0 0 0 2 6 8 .0 0 0 ' 4 2 .0 0 0
i 2 7 Average 2 0 .1 8 0 18 .70 0 15 .7 00 6 1 .7 7 0 29 .7 70 4 .6 7 0
; 2 8 % Reduction 7.3 30 1 6 .0 00 52 .00 0 8 4 .3 0 0
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